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(57) Abstract: The present invention relates. 
inter alia, to compounds having the general 
formula (1) in which: R^ is a member selected 
from the group consisting of -OCH3 -SCH3, 
-N(CH3)2, -NHCH3, -NC4H8. -NC5H10. 
-NC4H8O, -CHO, -CH(OH)CH3, -C(0)CH3, 
-0(CH2)2N(CH3)2, and -0(CH2)2NC5Hio; R^ is 
a member selected from the group consisting of 
hydrogen, halogen, alkyl, acyl, hydroxy, alkoxy 
(e.g., methoxy, ethoxy, vinyloxy, ethynyloxy, 
cyclopropyloxy, etc.), acyloxy (e.g., acetoxy, 
glycinate. etc.), alkylcarbonate, cypionyloxy, 
S-alkyl, -SCN, S-acyl and -OC(0)R^ wherein 
R6 is a functional group including, but not 
limited to, alkyl (e.g., methyl, ethyl, etc.), 
alkoxy ester (e.g., -CH2OCH3) and alkoxy 
(-OCH3); R3 is a member selected from the 
group consisting of alkyl, hydroxy, alkoxy 
and acyloxy; R* is a member selected from 
the group consisting of hydrogen and alkyl; 
and X is a member selected from the group 
consisting of =0 and =N-OR^ wherein R* is a 
member selected from the group consisting of 
hydrogen and alkyl. In addition to providing the 
compounds of Formula I, the present invention 
J provides methods wherein the compounds of 

Formula I are advantageously used, inter alia, 
... to antagonize endogenous progesterone; to 

mduce menses; to treat endometriosis; to treat dysmenoirhea; to treat endocrine hormone-dependent tumors; to treat meningiomas- 
to treat utenne leiomyomas; to treat uterine fibroids; to inhibit uterine endometrial prolifemtion; to induce ceivical ripening; to 
induce labor; and for contraception. 
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Structural Modification of 19-Norprogesterone I: ll-aSubstituted, ll-fi^ubstituted-4- 
Aryl and IlSubstituted 19-Norpregnadienedione As New Antiprogestational Agents 

CROSS-REFERENCES TO RELATED APPLICATIONS 

This patent application is a continuation-in-part of U.S. Patent Application 
Serial No. 09/180,132, filed May 24. 1999, which is a 371 of PCT/US97/07373, filed 
April 30, 1 997, and which claims the benefit of U.S. Provisional Patent Application Serial 
No. 60/016,628, filed May 1, 1996. 

FIELD OF THE INVENTION 
The present invention relates generally to the field of steroids and, in 
particular, to novel 17-a-substituted, ll-P-substituted-4-aryl and 21-substituted 19- 
norpregnadienedione analogs which possess potent antiprogestational activity with minimal 
antiglucocorticoid activity, 

BACKGROUND OF THE INVENTION 
There have been numerous attempts over the past few decades to prepare 
steroids with antihormonal activity. These have been reasonably successfiil where 
antiestrogens and antiandrogens are concerned However, the discovery of effective 
antiprogestational and antiglucocorticoid steroids has proved to be a formidable task for the 
steroid chemist. It has been generally recognized for some years, however, that 
antiprogestational steroids would Snd wide applicability in population control, while 
antiglucocorticoids would be extremely valuable in the treatment of, for example, Cushing's 
syndrome and other conditions characterized by excessive endogenous production of 
cortisone. In the last decade, largely through the efforts of Teutsch, ei al. of the Roussel- 
Uclaf group in France, a new series of 19-nortestosterone derivatives has been synthesized 
with strong affinity for the progesterone and glucocorticoid receptors and with marked 
antiprogestational and antiglucocorticoid activity in vivo. This important discovery 
revealed the existence of a pocket in the progesterone/glucocorticoid receptors that is able 
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to acconimodate a large 1 Ip-substituent on selected 19-nortestosterone derivatives. By 
suitable selection of such a substituent, steroids with antihormonal properties were 
obtained. 

The pioneering studies of Teutsch, et al. on the synthesis of 
antiprogestational and antiglucocorticoid steroids is summarized in a recent review article 
(G. Teutsch in Adrenal Steroid Antagonism. Ed. M. K. Agaiwal, Walter de Gruyter and 
Co., Berlin, 1984. pp. 43-75) descaibing the work leading to the discovery of RU-38,486, 
the first steroid of this type selected for clinical development. RU-38,486 or mifepristone 
was found to be an effective antiprogestational/contragestative agent when administered 
during the early stages of pregnancy (IPPF Medical Bulletin 20; No. 5, 1986). In addition 
to these antiprogestational properties, mifepristone has very significant antiglucocorticoid 
activity and was successfully used by Nieman, etal,J. Clin. Endocrinology Metab.. 
57:536, (1985)) in the treatment of Cushing's syndrome. In common with the vast majority 
of steroidal hormone analogs, mifepristone additionally exhibits a range of biological 
properties. Thus, for example, it exhibits growth-inhibitory properties towards estrogen- 
insensitive T47DCO human breast cancer cells (Horwitz, Endocrinology, 1 16:2236, 1985). 
Experimental evidence suggests that the metaboUc products derived firom mifepristone 
contribute to its antiprogestational and antiglucocorticoid properties (Heildnheimo, etal, J. 
Steroid Biochem., 26:219 (1987)). 

Ideally, for purposes of contraception, it would be advantageous to have 
compounds which possess antiprogestational activity without (or wife minimal) 
antiglucocorticoid activity. Although there have been a number of attempts to modify the 
mifq)ristone structure in order to obtain separation of the antiprogestational activity fi-om 
the antiglucocorticoid activity, this goal has not yet been iiilly achieved. As such, there 
remains a need in the art for the development of new steroids which possess 
antiprogestational activity with minimal antiglucocorticoid activity. 

SUMMARY OF THE INVENTION 

The present invention provides new steroids which possess potent 
antiprogestational activity with minimal antiglucocorticoid activity. More particularly, the 
present invention provides compounds having the general formula: 
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I 



wherein: is a functional group including, but not limited to, -OCH3, -SCH3, -N(CH3)2, 
-NHCH3. -NC4H8, -NC5H10, -NC4H8O. -CHO, -C3I(OH)CH3.-C(0)CH3. -0(CH2)2N(CH3)2. 
-0(CH2)2NC4Hi and -0(CH2)2NC5Hio; is a functional group including, but not limited 
to, hydrogen, halogen, alkyl, acyl, hydroxy, alkoxy (e.g., methoxy, ethoxy, vinyloxy, 
ethynyloxy, cyclopropyloxy, etc), acyloxy (e.g., fonnyloxy, acetoxy, piiopionyloxy, 
hqjtanoyloxy, glycinate, etc.), alkylcaibonat^ cypionyloxy, S-alkyl, -SCN, S-acyl and 
-OC(0)R*, wherein R^ is a functional group including, but not limited to, alkyl (e.g., 
methyl, ethyl, etc.), alkoxyallcyl (e.g., -CH2OCH3) and alkoxy (-OCH3); R' is a functional 
group including, but not limited to, alkyl (e.g, methyl, methoxymethyl, etc.), hydroxy, 
alkoxy (e.g., methoxy, ethoxy, methoxyethoxy, vinyloxy, etc.), and acyloxy; R'* is a 
functional group including, but not limited to, hydrogen and alkyl; and X is a functional 
group including, but not limited to, =0 and =N-OR^ wherein R* is a member selected from 
the group consisting of hydrogen and alkyl. 

As explained above, fte compounds of the presait invention possess potent 
antiprogestational activity wifli minimal antiglucocorticoid activity and, thus, they are 
suitable for long term use in the treatment of human endocrinologies or other conditions in 
steroid-sensitive tissues. Specific conditions for treatment include, but are not limited to, 
endometiiosis (Kettel, LJVf., et al, FertilSteril. SMOfl-AQl; Muiphy, A.A., et ai. Fertil 
Steril, 6:3761-766; Grow. D.R., et al, J. Clin. Endocrinol. Metab., 5i:1933-1939.) uterine 
leiomyoma (Murphy, A.A., et al.. Ibid.; Murphy, A.A., et al., J. Clin. Endocrinol. Metab., 
75:513-517), uterine fibroid (Brogden, RN., etal. Drugs, 45:3^4:409), meningioma 
(Brogden, R.N.. et al. Ibid.; Poisson, M., et al, J. Neurooncol, 7:179-189; Carroll, R.S., et 
al, Cancer Res., 55:1312-1316; Mahajan, D.K. and London, S.N., FertilSteril 68:967-976 
(1997)), and metastatic breast cancer (Brogden, RN., et al. Id.; Rochefort, H., Trends in 
Pharmacol Sci., <?:126-128; Horwitz, K.B., Endocr. Rev., 13:146-163 (1992) Mahajan, 
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DX and London. S.N., Id.), Other uses include, but are not limited to, contraception 
(Wood, A.JJ., N. engl. J. Med., 52P:404-412 (1993); Ulmann, A., et al., Set Amer., 
2(52:42-48 (1990)), emergency postcoital contraceptive (Reel, J.R., et al. Contraception, 
55:129-136 (1998)) and inducement of cervical ripening. 

As such, in addition to providing compounds of Formula I, the present 
invention provides methods wherein the compounds of Formula I are advantageously used, 
inter alia, to antagonize endogenous progesterone; to induce menses; to treat endometriosis; 
to treat dysmenorrhea; to treat endocrine hormone-dependent tumors (e.g., breast cancCT, 
uterine leiomyomas, etc.)\ to treat meningiomas; to treat uterine fibroids; to inhibit uterine 
endometrial proliferation; to induce cervical ripening; to induce labor; and for 
contraception. 

Other features, objects and advantages of the invention and its preferred 
embodiments will become apparent from the detailed description which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 through 11 illustrate the synthetic schemes used to prepare the 
compoimds of Formula 1. 



DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 

In one aspect, the present invention provides compounds having the 
following general formula: 




I 



In Formula I, is a functional group including, but not limited to, -OCH3, -SCH3, 
-N(CH3)2, -NHCH3, -NC4H8, -NC5H10, -NC4H8O, -CHO, -CH(OH)CH3.-C(0)CH3, 
-0(CH2)2N(CH3)2, -0(CH2)2NC4H8,and -0(CH2)2NC5Hio. R^ is a functional group 
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including, but not limited to, hydrogen, halogen, alkyl, acyl, hydroxy, alkoxy (e.g., 
methoxy, ethoxy, vinyloxy, efliynyloxy, cyclopropyloxy, etc.), acyloxy (e.g., fonnyloxy, 
acetoxy, priopionyloxy, heptanoyloxy, glycinate, etc.), alkylcarbonate, cypionyloxy, 
S-alkyl, -SCN, S-acyl and -OC(0)R*, wherein is a functional gicoixp including, but not 
limited to, alkyl (e.g., methyl, ethyl, etc.), alkoxyalkyl ie.g., -CH2OCH3) and alkoxy 
(-OCH3). is a functional group including, but not limited to, alkyl, hydroxy, alkoxy and 
acyloxy. R* is a functional ffovtp including, but not limited to, hydrogen and alkyL 
Finally, X is a functional group including, but not limited to, «0 and =N-OR^ wherein R^ 
is a member selected from the group consisting of hydrogen and alkyl. In a preferred 
embodiment, R', R^, R^ R* and X are selected with tiie proviso that if R' is -N(CH3)2, R^ is 
acetoxy; R** is methyl and X is =0, then R^ is not hydrogen. 

The term "aHqrl" is used herein to refer to a branched or unbranched, 
saturated or unsaturated, monovalent hydrocarbon radical having from 1-12 carbons and, 
preferably, from 1-6 carbons. When the alkyl group has from 1-6 caibon atoms, it is 
referred to as a "lower alkyl." Suitable alkyl radicals include, for example, methyl, ethyl, n- 
propyl, i-propyl, 2-propenyl (or allyl), n-butyl, t-butyl, i-butyl (or 2-methylpropyl), etc. As 
used herein, the term alkyl encompasses "substituted alkyls." Substituted alkyl refers to 
alkyl as just described including one or more functional groups such as Iowct alkyl, aiyl, 
aralkyl, acyl, halogen (i.e., alkylhalos, e.g., CF3), hydroxy (e.g., hydroxymethyl), amino, 
alkylamino, acylamino, acyloxy, alkoxy (e.g., methoxymethyl), mercq)to and the like. 
These groups may be attached to any carbon atom of the lower alkyl moiety. 

The term "alkoxy" is used herein to refa- to flie -OR group, where R is a 
lower allcyl, substituted lower alkyl, aryl, substituted aiyl, aralkyl or substituted aialkyl. 
Suitable alkoxy radicals include, for example, meflioxy, ethoxy, phenoxy, t-butoxy (e.g., 
methoxyethoxy, methoxymethoxy, etc.), etc. 

The term "acyloxy" is used hereia to refer to an organic radical derived from 
an organic add by the removal of a hydrogen. The organic radical can be further 
substituted with one or more functional groups such as alkyl, aryl, aralkyl, acyl, halogen, 
amino, thiol, hydroxy, alkoxy, etc. An example of such a substituted organic radical is 
glycinate (e.g, -OC(0)CH2NH2). Suitable acyloxy groups include, for example, acetoxy, 
i.e., CH3COO-, which is derived from acetic acid, fonnyloxy, i.e., H.CCO-, which is 
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derived from formic acid and cypionyloxy, which is derived from 3-cyclopeiitylpropioiiic 
acid. 

The term "lialogen" is used herein to refer to fluorine, bromine, chlorine and 

iodine atoms. 

The term "hydroxy" is used herein to refer to the group -OH. 

The term "acyl" denotes groups -C(0)R, where R is alkyl or substituted 
alkyl, aryl or substituted aryl as defined herein. 

The tenn "aryl" is used herein to refer to an aromatic substituent which may 
be a single ring or multiple rings which are fused together, linked covalently, or linked to a 
common group such as an ethylene or methylene moiety. The aromatic ring(s) may include 
phenyl, naphthyl, biphenyl, diphenyhnethyl, 2;2-diphenyM -ethyl, and may contain a 
heteroatom, such as thienyl, pyridyl and quinoxalyl. The aryl group may also be substituted 
with halogen atoms, or other groups such as nitro, carboxyl, alkoxy, phenoxy, and the like. 
Additionally, the aryl group may be attached to other moieties at any position on the aryl 
radical which would otherwise be occupied by a hydrogen atom (such as 2-pyridyl, 3- 
pyridyl and 4-pyridyl). 

The term "alkyl carbonate" is used herein to refer to the group -OC(0)OR, 
where R is alkyl, substituted alkyl, aryl, or substituted aryl as defined herein. 

The term "S-alkyl" is used herein to refer to the group -SR, where R is lower 
alkyl or substituted lower alkyl. 

The term "S-acyl" is used herein to refer to a thioester derived from the 
reaction of a thiol group with an acylating agent. Suitable S-acyls include, for example, S- 
acetyl, S-propionyl and S-pivaloyl. Those of skill in the art will know that S-acyl refers to 
such thioesters regardless of their method of preparation. 

The terms '*N-oxime" and *TSr-alkyloxime" are used herein to refer to the 
group =N-OR^ wherein R^ is, for example, hydrogm (N-oxime) or alkyl (N-alkyloxime). 
Those of skill in the art will know that the oximes can consist of the syn-isomer, the anti- 
isomer or a mixture of both the syn- and anti-isomers. 

Within Formula I, certain embodiments are preferred, namely those in which 
R^ is -N(CH3)2; tiiose in which R^ is halogen or alkoxy; those in which R^ is acyloxy; those 
in which R^^ is alkyl (e.g., methyl and ethyl); and those is which X is =0 and =N«OR^ 
wherein R^ is hydrogen or alkyl. More particularly, compounds which are prefenred are 
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those in which is -N(CH3)2; is halogen; R^ is acyloxy; and R^ is alkyl. Within this 
embodiment, compounds which are particularly preferred are those in which R^ is F, Br or 
CI; and R"^ is methyl Also preferred are compounds in which R^ is -N(CH3)2; R^ is alkyl; 
R^ is acyloxy; R"* is alkyl; and X is =0. Also preferred are compounds in which R^ is - 
N(CH3)2; R^ is alkoxy; R^ is acyloxy; R^ is alkyl; and X is=0. Within this embodiment, 
compounds which are particularly preferred are those in which R^ is methoxy or ethoxy; 
and R^ is acetoxy or methoxy. Also preferred are conrpounds in which R^ is -N(CH3)2; R^ 
is hydroxy; R^ is acyloxy; R"* is alkyl; and X is O. Also preferred are compounds m which 
R^ is -N(CH3)2; R^ and R^ are both acyloxy; R^ is alkyl; and X is O. Within this 
embodiment, compounds which are particularly preferred are those in which R^ and R^ are 
both acetoxy. Also preferred are compounds in which R^ is -N(CH3)2; R^ is S-acyl; R^ is 
hydroxy or acyloxy; R^ is alkyl; and X is =0. Also preferred are compounds in which R* is 
-N(CH3)2; R^ is cypionyloxy; R^ is acetoxy; R"* is alkyl; and X is =0. Also preferred are 
compounds in which R^ is -N(CH3)2; R^ is methoxy; R^ is acetoxy; R"* is alkyl; and X is =0 
and =N-OR^ wherein R^ is, for example, hydrogen or alkyl (e.^., methyl, ethyl, etc). Also 
preferred are compounds in which R^ is •"N(CH3)2; R^ and R^ are both acetoxy; R"* is alkyl; 
and X is =0 and =N-OR^ wherein R^ is, for example, hydrogen or alkyl (e.g., methyl, 
ethyl, eta). 

Exemplar compounds falling within the above preferred embodiments 
include, but are not limited to, 17a-acetoxy-21-fluoro-l lp-(4-7/,JV'"dimethylammophenyl)- 
19-norpregna-4,9-diene-3,20-dione, 17a-acetoxy-21-chloro-lip-(4-iy;>/- 
dunethylaminophenyl)-19-norpregna-4,9'Kiiene-3,20-dione, 17a'-acetoxy-21-bromoro-llp- 
(4-A^,iV^dimethylaminophenyl)-19-norpregna-4,9-diene-3,20-dion 17-,21-diacetoxy-lip- 
(4-A^^^-dimethyla^linophenyl)-19-no^p^egna-4,9-diene-3,20-dione, 17a-hydroxy-21- 
acetylthio-1 ip-(4-iy;Mdimethylaininophenyl)-19-norpregna-4,9-diene-3,20-^^ 17a- 
acetoxy-21-acetylthio-lip-(4-JV;iV'-dimethylaniinophenyl>19-norpregna-^ 
dione, 17a-acetoxy-21 -ethoxy- 1 lB-(4-^:J\^-dimethylaminophenyl)-19-noIpregna-4,9-diene- 
3,20-dione, 1 7a-acetoxy-21 -methyl- 1 1 P-(4-iV;//-dimethylamino-phenyl)-19-norpregna-4,9- 
diene-3,20-dione, 17a-acetoxy-21-methoxy-lip-(4-A^,A^-dimethylaniinophenyl)-19- 
norpregna-4,9-diene-3,20«dione, 17a"acetoxy-21 -ethoxy- 1 lB-(4-A?;;\r- 
dimethylaminophenyl)-19-norpregna-4,9-diene-3,20-dione, 17a-acetoxy-21-(3'- 
cyclopentylpropionyloxy)-llp-(4-^;A^-dimethylaminophenyl)-19-norpregna-4,9 
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3^0-dione, 17a-acetoxy-21-hydroxy-l lp-(4-iV;i^-^iimethylaminophenyl>19-noipreg^ 
diene-3,20-dione, 17 a,21-diaceto3<y-l ip-(4-Ai;iV^KiimethyIaminophenyl>19-noipregiia-4,9- 
diene-3,20-dione 3-oxime, 17a-acetoxy-21-methoxy-l ip-(4-iV,i\r-Klimethylanimophenyl)- 
19-norpregna-4,9-diene-3,20-dione 3-oxime, 17 o-acetoxy-lip-[4-(W- 
me%lamino)phenyl]-19-noipregna-4,9diene-3^0-clione, and 17a;il-diacetoxy-lip-[4-(i\r- 
metiiylamino)phenyl]- 1 9-noip]iegna-4,9-diene-3,20-dione. 

In addition to the foregoing, certain ottier embodiments are preferred, 
namely those in which R' is -N(CH3)2, -NC4H8, -NCjHio, -NC4H8O, -C(0)CH3, 
-0(CH2)2N(CH3)2, -0(CH2)2NC4H8. -0(CH2)2NC5Hio, and -0(CH2)2NCsHio; those in 
which is hydrogen, alcyloxy, alkoxy, -SAc, -SCN, -OC(0)CH2N(CH3)2, and -OC(0)R*, 
wherein R* is a fimctional group including, but not limited to, alkyls {e.g., -CH2CH3), 
alkoxy esters {e.g., -CHiOMo) and alkoxys (e.g, -OCH3.); those in which R^ is alkyl, 
alkoxy, acyloxy and hydroxy; those m which R* is alkyl {e.g., methyl and ethyl); and those 
is which X is =0 or =N-OR^ wherein R^ is hydrogen or alkyl. Also preferred are 
compounds in which R' is -N(CH3)2; R^ is hydrogen; R^ is methoxymethyl; R'' is methyl; 
and X is =0. Also preferred are compounds in which R' is -N(CH3)2; R^ is hydrogen; R^ is • 
-OC(0)H, -OC(0)CH2CH3 or -OC(0)C6H,3; R" is methyl; and X is =0. Also preferred are 
compounds in which R' is -NC4H8. -NC5H10, -NC4H8O, -C(0)CH3 or -SCH3; R^ is 
hydrogen; R^ is acetoxy; R* is methyl; and X is O. Also preferred are compounds in 
which R' is -N(CH3)2 or -NC5H10; R^ is hydrogen; R' is methoxy; R* is methyl; and X is 
=0. Also preferred are compounds in which R^ is -NCsHio or -C(0)CH3; R^ and R^ are 
both acetoxy; R'* is methyl; and X is =0. Also preferred are compounds in which R^ is 
-C(0)CH3; R^ is -SAc; R^ is acetoxy; R* is mettiyl; and X is =0. Also preferred are 
compounds in which R' is -C(0)CH3, -N(CH3)2, -NC4H8 or -NCjHio; R' and R^ axe both 
methoxy; R" is metiiyl; and X is =0. Also preferred are compounds in which R' is 
-NCsHio, -C(0)CH3 or -0(CH2)2N(CH3)2; R^ is methoxy; R^ is acetoxy; R^ is methyl; and 
X is =0. Also preferred are compounds in which R' is -N(CH3)2; R^ is -OC(0)CH2CH3, 
-0C(0)0CH3, -0C(0) OCH2OCH3, -0CH=CH2, -OC(0)CH2N(CH3)2 or -SCN; R^ is 
acetoxy; R" is methyl; and X is =0. Also prefeited are compounds in which R^ is 
-N(CH3)2; R' is -OC(0)H; R' is -OC(0)H; R* is methyl; and X is =0. Also preferred are 
compounds in which R^ is -N(CH3)2; R^ is -OC(0)H; R^ is hydroxy; R'* is methyl; and X is 
=0. Also preferred are compounds in which R' is -NC5H10; R^ is hydrogen; R' is acetoxy; 
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R'* is methyl; and X is =N-OR^ wherein is hydrogen. Also preferred are compovmds in 
which R' is -N(CH3)2 or -NC5H10; R^ is hydrogen or methoxy; R^ is methoxy or ethoxy; R" 
is methyl; and X is =N-OR^ wherein R^ is hydrogen. 

Exemplar compounds falling wittun the above preferred embodiments 
include, but are not limited to, 17a-fomiyloxy-llp-[4-(Ar,7/-dimethylamino)phenyl]-19- 
norpregna-4,9-diene-3,20-dione; 17a-propionoxy-llp-[4-(iV:A^-dimethylamino)phenylJ-19- 
norpregna-4,9-diene-3,20-dione; 17a-heptanoyloxy-lip-[4-(JV,A/'-dimethylamino)phenyl]- 
19-norpregna-4,9-diene-3,20-dione; 17a-methoxymethyI-lip-[4-(iV;jV- 
dimethylamino)phenyl]-19-noipregna-4,9-diene-3,20-dione; 17o-acetoxy-l ip-(4-A^ 
pyrrolidinophenyl)-19-noipregna-4,9-diene-3^0-dione; 17o-acetoxy-llp-(4-W'- 
piperidinophenyl)-19-norpregna-4,9-diene-3,20-dione; 17o-acetoxy-llp-(4-i\^ 
moipholinophenyl)- 1 9-norpregna-4,9-diene-3,20-dione; 1 7o-acetojQ'-l lp-(4-acetylphenyl> 
1 9-noipregna-4,9-diene-3^0-dione; 1 7a-acetoxy-l 1 P-(4-methylthiophenyl)-l 9-norpregna- 
4,9-diene-3,20-dione; 17o-methoxy-lip.[4-(J\^JV-dimethylamino)phenyl]-19-norpregna- 
4,9-diene-3,20-dione; 17a-methoxy-lip-(4-//-piperidinophenyl)-19-norpregna-4,9-diene- 
3,20-dione; 17a,21-diacetoxy-llp-(4-7/-piperidinophenyl)-19-norpregna-4,9-diene-3,20- 
dione; 17a,21-diacetoxy-l ip-(4-acetylphenyl)19-norpregna-4,9-diene-3,20-dione; 17a- 
acetoxy- 1 1 p-(4-acetylphenyl)-2 1 -thioacetoxy- 1 9-norpregna-4,9-diene-3,20-dione; 1 7a^ 1- 
dimethoxy-lIp-[4-C^;^■-dimethylamino)phenyl]-19-norpregna-4.9-diene-3,20-dione; 
1 7a,2 1 -dimethoxy- 1 1 p-(4-A^-pyrrolidinophenyl)-l 9-norpregna-4,9-diene-3,20-dione; 
1 7a,2 1 -dimethoxy- 1 1 P-(4-;V-piperidinophenyl)-l 9-norpregna-4,9-diene-3,20-dione; 
1 7a,2 1 -dimethoxy- 1 1 p-(4-acetylphenyl)- 1 9-norpregna-4,9-diene-3;20-dione; 1 7a-acetoxy- 
llp-(4-acetylphenyl)-21-methoxy-19-noipregna-4,9-diene-3,20-dione; 17a-acetoxy-lip- 
{4-[2^(iV,JV-dimethylamino)ethoxy]phenyl}-21-methoxy-19-norpregna-4,9-diene-3^0- 
dione; 17a,21-diformyloxy-llp-[4-(Ar.A^dimethyhimino)phenyl]-19-noipregna-4,9-diene- 
3,20-dione; 17a-acetoxy-llp-[4-(A^i\Wimethylamino)phenyl]-21-propionyloxy-19- 
norpregna-4,9-diene-3^0-dione; 17a-acetoxy-l lp-[4-(i\^^'-dimethylamino)phenyl]-21-(2'- 
me&oxyacetyl)o3g'-19-norpregna-4,9-diene-3,20-dione; na-acetojq^- 21-hydroxy-l ip-[4- 
(;\r,i\^-dnnethyIanMaio)phenyl]-19-norpregna-4,9-diene-3,20-dione-21-methylcarbo^^^^ 
17a-acetoxy-llp-[4-(JV,iV-dimethylamino)phenyl]-21-(l'-ethenyloxy)-19-norpregna-4,9- 
diene-3,20-dione; 1 7a-acetoxy.l 1 P-[4-(iy;iV-dimethylamino)phenyl]-2 1 -(2'-iV;//- 
dimethylamino)acetoxy-19-norpregna-4,9-diene-3,20-dione; 17a-acetoxy-lip-[4-(iV;iV- 
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dimethylamino)phenyl]-21 -thiocyanato- 19-noipregna-4,9-diene-3;^ 1 7a-acetoxy- 

liP-(4-A^-piperidinophenyl)-19-norpregiia-4,9-diene-3,20-dione 3-oxime; 17a-methoxy- 
llp-[4-(jy;//-dime%lamino)phenyl]-19-noipregna^ 3-oxime; 17a- 

methoxy-np<4-iV^piperidmophenyl)-19-norpregna-4,9-diOT 3-oxixne; and 

1 7a,2 1 -dimetnoxy- 1 1 p-[4-(A/; A''-dimethylammo)phenyl]- 1 9-noipregna-4,9-diene-3;20-dione 
3-oxime. 

The compounds of the present invention can readily be synthesized in a 
variety of ways using modem synthetic organic chemistry techniques. Typically, the 
compounds of the present invention are prepared using the synthetic schemes set forth in 
Figures 1-11. In general, there are five strategic steps that are useful in the synthesis of the 
antiprogestational agents of the present invention. They are: (1) C21-substitution; (2) 
construction of the 17a-hydroxy-20-ketone pregnane side chain with the natural 
configuration via the SNAP reaction; (3) modification of &e 17a-hydroxy moiety; (4) 
regiospecific synthesis of the epoxide and 1,4-conjugate grignard addition of a variety of 4- 
substituted aiyl compounds; and (5) deketalization at C3 and 20 and concomitant 
dehydratration at C5. Each of these five strategic steps is described in greater detail 
hereinbelow. Moreover, a more detailed description of the synthetic protocols used to 
prepare the compounds of the present invention is set forth in the Example Section. It will 
be readily apparent to those of skill in the art that the particular steps, or combination of 
steps, used will vary depending on the compound being synthesized. 

1. 21-Substitution 

In particular embodiments of the present invention, a number of diflferent 
fimctional groups, such as F, CI, Br, Me, hydroxy, alkoxy (e.g.y methoxy, ethoxy, etc.), 
acyloxy formyloxy, acetoxy, propionyloxy, eta\ cypionyloxy, methoxyacetoxy, and 
acylthio, have been introduced at C-21 of lead compound 17a-acetoxy-l lp-(4-iy;iV^ 
dimethylaminophenyl)-19••no^p^egna-4,9-diene-3,20-dione (CDB-2914 or C-21H or 69B) 
using the synthetic schemes set forth in Figures 1, 2 and 3. For instance, a Silicon 
Nucleophilic Annulation Process (SNAP) on 17p-cyanohydrin (5) was used to prepare all 
of the 21-halogenated compounds with the exception of the 21-fluoro compound. This 
compound, however, was readily obtained by reacting the 21 -mesylate with KF in 
acetonitrile in the presence of a crown ether. In addition, the 17a-acetoxy-21-ol compound 



wo 01/74840 



U 



PCTAJSOl/08681 



(41) was obtained selectively from the ethoxyethylidenedioxy derivative (18) by means of 
buflfered hydrolysis, whereas the 17a-ol-21 -acetate derivative (8) was prepared from 
reactuig the 21-halo compound with KOAc. It is interesting to note that both the 21-acetate 
and the 17a-acetate produced the 17a,21-diol (9) by a base catalyzed methauolosis. 
Thereafter, this I7a,21-diol was readily converted to the 17a,21-diacetate (15) by a mixed 
anhydride procedure. With regard to the synthesis of 17a-acetoxy-21-cypionate (40), the 
hydroxyl group at C-21 of the 17a,21-diol (9) was first converted to the conesponding 
cypionate (39) and then the 17a-0H group was acetylated. The 17a-acetoxy-21" 
thioacetate (17) was obtained by reaction of the 21-iodo compound generated in situ from 
the corresponding bromo compound (7B), with potassium thioacetate followed by 
acetylation of the 17a-alcohol as shown in the synthetic scheme set forth in Figure 1. 

Moreover, the 21-methyl analog (28) was prepared following the synthetic 
route set forth in Figure 2. The key reactions in this scheme are (1) the conversion of the 
17a-cyanohydrin to the 17a-trimethylsilyloxy, 17a-aldehyde, and (2) the creation of the 21- 
methylprogesterone skeleton (21 -> 22). 

In addition, the 21-methoxy analog (38) was obtained following the 
synthetic scheme set forth in Figure 3. The key step in this scheme is the reaction of the 
17a,21-diol protected at C-3 and C-20 with Meerwein*s trimethyloxonium tetrafluoroborate 
salt in the presence of the sterically more hindered, less nucleophilic base, 1,8- 
bis(dimethylamino)naphthalene, as the proton sponge to selectively methylate the less- 
hindered 21 -hydroxyl group. The subsequent epoxidation of the crude 21-methoxy 
compound (34) produced a 2: 1 mixture of a and p epoxides as evidenced by NMR. The 
crude epoxide (35) was subjected directly to the copper (I) catalyzed conjugate Grignaid 
addition, assuming 66% of the crude epoxide was the desired - qsoxide, hydrolysis and 
acetylation gave the 21-methoxy compound (38) with a purity of 98%. Following similar 
procedures, the 21-ethoxy compound (46) was obtained using triethyloxonium 
tetrafluoroborate salt. Treatment of the 21-acetete (15) and 21-methoxy compound (38) 
with hydroxylamine HCl followed by adjustment of the pH to pH 7 provided the desired 3- 
oximes, 47 and 48, respectively, as a mixture of syn- and anti-isomers. Under these 
conditions, the sterically hindered C-20 ketone was intact as evidenced by IR spectroscopy. 

In addition, using methods similar to those described above, additional 
functional groups, such as propionyloxy- (126a) , 2-methoxyacetoxy- (126b), 
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methylcarbonate (126c) , 2-(Af,A^-dimethylaimno)acetoxy- (133) , and thiocyanato- (138) 
were readily synthesized {see, e.g., Kgare 10 and 11). Their synthetic methodology is 
straightforward. All of these compounds ware derived from the previously prepared 
1 7a,2 1 -dihydroxy- 1 1 p-[4<^; A'-dimethylamino)phenyl]-l 9-noipregna-4,9-diene-3,2()-dione 
(9 in Figure 1 or 124 in Figure 11). The C21-(l-ethenyl)oxy analog (129) was obtained 
from the CI 7a-acetoxy-21-ol (128) by reaction with ethyl vinyl ether in the presence of 
mercury(ir) trifluoroacetate. Compound 128 was, in turn, obtained from hydrolysis of die 
17a,21-cycUc ortho ester (18 in Figure 1 or 127 in Figure 11). Reaction of the C17a,21- 
diol (9 in Figure 1 or 124 in Figure 11) with methyl chlorofoimate in pyridine gave the 
methyl carbonate at C21(12Sc). Subsequent acetylation at C17 led to the target compound 
126c (see. Figure 11). Treatment of the C17a,21-diol (9 or 124) with methoxyacetyl 
chloride, followed by acetylation, provided 12«b (see. Figure 11). The synthesis of the 21- 
thiocyanato analog (138), which is illustrated in Figure 11, mvolved the preparation of the 
21-mesylate (136). followed by thiocyanation at C21 (137) using the modified procedure of 
Abramson, H.N., et al. (J. Pharm. Sci. 65:765-768 (1976)). Subsequent acetylation at C17 
led to the target compound (138) . The 21-(7V;Ar-dimethylammo)acetoxy (133) analog was 
obtained by preparing the 21-chloroacetate (130), acetylation of the 17a-0H (131) and 
converting the latter to the 2 1 -iodoacetate (132) followed by the reaction of 132 with 
dimethylamine (see. Figure 1 0). This order of sequence did not result in hydrolysis of the 
2 l-ester group. It is pointed out that an attempt to prepare die 21-iodoacetate (132) directly 
from the diol (124) was not as successful. 

The 17a,21-diformate (139), whidi is illustrated in Figure 10, was 
synthesized by perchloric acid catalyzed fonnylation of the 17a,21-diol (124) following the 
procedure of OUveto, E.P., etal. (J. Am. Chem. Soc, 77:3564-3567 (1955)). NMR analysis 
of this material indicated a 55:45 mixture of the I7a,21-difonnate (139) resonating at 8.029 
(s, C17-0CH0) and 8.165 ppm (s, C21-0CH0), respectively, and the 21-iiaonofoimate 
(140) at 8.172 ppm (s, C21-0CH0). Therefore, chromatographic separation was essential 
to obtain the pure 17a,21-difonnate (139). 

Syntheses of the 17a,21-dimethoxy derivatives (113a , 113b . 133c and 133d) 
were achieved via oxidation at C-21 to afford the 21-hydroxy derivative (107) of the 17a- 
methoxy compound (94) following a modification of the procedure reported by Moriarty, 
R.M. et al., J. Chem. Soc. Chem. Commun., 641-642 (1981). and Velerio, et al. Steroids, 
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60:268-271 (1995). Subsequent 0-methylation provided the key 17a^l-dimethoxy 
intermediate (108 ) (see. Figure 8). Reduction of the 20-ketone (108) to the 20^-ol (109) 
followed by epoxidation at C5 and CIO, copper (I) catalyzed conjugate Grignard addition to 
the 5a, lOa-epoxide (110 ), selective oxidation of the secondary alcohol, 204-ol (111) using 
IBX to the 20-ketone (112), hydrolysis and acetylation, led to the target 17a,21-dimethoxy 
derivatives (113). 

2. Silicon Nucleophilic Annelation Process (SNAP) 
As described herein silylation of P-cyanohydrin ketal with 

halomethyldimethylsilyl chloride aflforded the chloro- or bromomethyldimethylsilyl ether. 
The reductive SNAP reaction provided the 17a-hydroxy-20-ketopregnane side chain with 
the natural configuration at C17 (Livingston, D.A., et al, J. Am, Chem. Soc, 112:6449- 
6450 (1990); Livingston, DA, AdvMecL Chem., 1:137-174 (1992); U.S. Patent No. 
4,092,693, which issued to Livingston, D.A., et al. (May 1, 1990); U.S. Patent No. 
4,977,255, which issued to Livingston,. D. A., et al (December 11, 1990). Alternatively, the 
formation of the halomethyldimethylsilyl ether, followed by treatment wifli lithium 
diisopropyl amide, provided the 21 -substituted -17a-hydroxy-20-ketopregnanes. 

3. 17a-Substitution 

All 17a-esters illustrated in Figures 4-11 were prepared from their 17a- 
hydroxy precursors. With the exception of the 17a-fonnate (69A) and the 17a,21- 
diformate (139), all 17a-esters were also obtained via a mixed anhydride procedure 
(Camithers, NJ. et al, J. Org. Chem., 57:961-965 (1992)). 

17a-methoxy steroid (93) became available in large quantities from the 17a- 
hydroxydienedione (92) leading to a new series of antiprogestational agents, such as 
compounds 97 and 113. Methylation of 17a-hydroxy group was most efSciently carried out 
using methyl iodide and silver oxide with acetonitrile as a cosolvent as described in the 
general procedure of Finch, et al (J. Org. Chem., 40:206-215 (1975)). Other syntheses of 
17a-methoxy steroids have been reported in the literature {see, e.g., Numazawa, M. and 
Nagaoka, M., J. Chem, Soc. Commun., 127-128 (1983); Numazawa, M. andNagaoka, M., 
J. Org, Chem., 50:81-84 (1985); Glazier, E.R., J. Org. Chem., 27:4397-4393 (1962). 

The 17a-methoxymethyl compound (91) was obtained in 0.7% overall yield 
via the 14-step sequence illustrated in Figure 5 starting from estrone methyl ether (77). No 
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attempts were made to optimize the yield. The general strategy involved: (1) Construction 
of the 20-ketopregnane side chain; (2) Fonnation of the 17^0-enol acetate and subsequent 
alkylation with bromomethyl methyl ether; (3) Elaboration of the 3-ketal-5(10),9(ll)-. 
diene;(4) Epoxidation; (5) Conjugate Grignard addition; and (6) Hydrolysis. 

4. lip-AryM-Substitution 

The introduction of a variety of 4-substituted phenyl group at CI Ip into 19- 
norprogesterone requires the 5a,10a-epoxide. Epoxidation of 2, 23, 34, 42, 50, 88, 94, 99, 
109 and 119 has been known to be problematic {see, Wiechert, R. and Neef, G., J. Steroid 
Biochem., 27:851-858 (1987)). The procedure developed by Teutsch, G., et al (Adrenal 
Steroid Antagonism (Agarwal, M.K., ed.), 43-75, Walter de Gruyter & Co., Berlin, N.Y. 
(1984)), Le,^ H2O2 and hexachloro or fluoroacetone, proved to be regioselective, but not 
highly stereoselective. A mixture of 5a,10a-epoxide and the corresponding 5p,10p-isomer 
was formed in approximately a 3:1 ratio. However, reduction of the C20-ketone (108) to 
the C2O-0I (109) prior to epoxidation, resulted in a 9:1 ratio of the desired 5a,10a-epoxide. 

Treatment of the 5a,10a-epoxides with 3-5 equivalents of Grignard reagents 
prepared from various 4.substituted aryl bromides {see, Yur'ev, Y.K., et al, bvest Akad. 
Nauk S.S,S.R., OtdelKhim NauK 166-171 (CA 45: 10236f, (1951)); Wolfe, J.P. and 
Buchwald, S.L., J. Org. Chem,, 62:6066-6068 (1997); Veradro, G., et aL, Synthesis, 447- 
450 (1991); Jones, D.H., 7. Chem, Soc, (C), 132-137 (1971); Detty et aL,J, Am, Chem. 
Soc:, 105:875-882 (1983), and Rao, P.N. et al. Steroids, 63:523-550 (1998)) in the 
presence of copper (I) chloride as a catalyst provided the desired 1 ip-4-substituted phenyl 
steroids. It is noted that 4-bromothioanisole was purchased from the Aldrich Chemical Co. 
(Milwaukee, Wisconsin). Evidence of the 1 ip-orientation of the 4-substituted phenyl 
substituent was shown by the upfiled shift of the CI 8 methyl group (5 = 0.273 - 0.484 ppm 
in CDCI3), which is in agreement with Teutsch's observations {see, Teutsch, G. and 
Belanger, A., Tetrahedron Lett,, 2051-2054 (1979)). 

The presence of an unprotected 20-ketone resulted in low yields or in 
undesirable Grignard product mixtures. This was circumvented by reduction of the 20- 
ketone (analysis of this material by NMR indicated a single isomer; no further work was 
done for identification of this single isomer) prior to epoxidation and subsequent oxidation 
of the 20-alcohol by use of iodoxybenzoic acid (IBX) (Dess, D.B. and Martin, IC„ J. Org. 
Chem,, 48:4155-4156 (1983); Frigerio, M. and Santagostino, M., Tetrahedron Letters, 
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35:8019-8022 (1994); and Frigerio, M, et al, J. Org. Chem,, 60:7272-7276) after Grignard 
addition (see. Figure 8). 

In case of Figures 5 and 6, the C3 -ketone group was protected as a 
monoethyleneketal, and the C20-ketone was found to be intact when the Grignard reaction 
was followed during the multi-step procedures. For the syntheses of the 17a,21-diacetoxy 
derivatives (Figure 7), the strategy was to accomplish the conjugate addition prior to the 
SNAP reaction using the multi-step process described herein. 

5. Deketalization 

Deketalization with concomitant dehydration at C-5 in acidic media 
proceeded smoothly to provide the 4,9-diene-3,20-dione. 

Quite surprisingly, the compounds of Formula I possess potent 
antiprogestational activity with minimal antiglucocorticoid activity. As a result of their 
antiprogestational activity, the compounds of Formula I can advantageously be used, inter 
alia, to antagonize endogenous progesterone; to induce menses; to treat endometriosis; to 
treat dysmenorrhea; to treat endocrine hormone-dependent tumors; to treat meningioma; to 
treat uterine leiomyonas, to treat uterine fibroids; to inhibit uterine endometrial 
proliferation; to induce labor; to induce cervical ripening, for hormone therapy; and for 
contraception. 

More particularly, compounds having antiprogestational activity are 
characterized by antagonizing the effects of progesterone. As such, the compounds of the 
present invention are of particular value in the control of hormonal irregularities in the 
menstrual cycle, for controlling endometriosis and dysmenorrhea, and for inducing menses. 
In addition, the compounds of the present invention can be used as a method of providing 
hormone therapy either alone or in combination with estrogenic substances in 
postmenopausal women, or in women whose ovarian hormone production is otherwise 
compromised. 

Moreover, the compounds of the present invention can be used for control of 
fertility during the whole of the reproductive cycle. For long-term contraception, the 
compounds of the present invention can be administered either continuously or periodically 
depending on the dose. In addition, the compounds of the present invention are of 
particular value as postcoital contraceptives, for rendering the uterus inimical to 
implantation, and as "once a month" contraceptive agents. 
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A further important utility for the compounds of the present invention lies in 
their ability to slow down growth of honnone-dependent tumors and/or tumors present in 
hormone-responsive tissues. Such tumors include, but are not limited to, kidney, breast, 
endometrial, ovarian, and prostate tumors, e.g., cancers, which are characterized by 
possessing progesterone receptors and can be expected to respond to the compounds of this 
invention. In addition, such tumors include meningiomas. Other utilities of the compounds 
of the present invention include the treatment of fibrocystic disease of the breast and 
uterine. 

Compounds suitable for use in the above method of the present invention 
can readily be identified using in vitro and in vivo screening assays known to and used by 
those of skill in the art. For instance, a given compound can readily be screened for its 
antiprogestational properties using, for example, the anti-McGinty test and/or the anti- 
Clauberg test described in tiie examples, hi addition, a given compound can readily be 
screened for its ability to bind to the progesterone and/or glucocorticoid receptors or to 
inhibit ovulation using the assays described in the examples. Moreover, a given compound 
can readily be screened for its ability to inhibit tumor cell growth (e.g., malignant tumor 
growth, I.e., cancer) or to abolish tumorigenicity of malignant cells in vitro or in vivo. For 
instance, tumor cell lines can be exposed to varying concentrations of a compound of 
interest, and the viability of the cells can be measured at set time points using, for example, 
the alamar Blue® assay (commercially available from BioSource, Intemational of 
Camarillo, California). Other assays known to and used by those of skill in the art can be 
employed to identify compounds useful in the methods of the present invention. 

The compounds according to the present invention can be administered to 
any warm-blooded mammal such as humans, domestic pets, and farm animals. Domestic 
pets include dogs, cats, etc. Farm animals include cows, horses, pigs, sheep goats, etc. 

The amount of active ingredient that can be combined with a carrier material 
to produce a single dosage form will vary depending upon the disease treated, the 
mammalian species, and the particular mode of administration. For example, a unit dose of 
the steroid can preferably contain between 0.1 milligram and 1 gram of the active 
ingredient. A more preferred unit dose is between 0.001 and 0.5 grams. It will be 
understood, however, fliat the specific dose level for any particular patient will depend on a 
variety of factors including the activity of the specific compound employed; the age, body 
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weight, general health, sex and diet of the individual being treated; the time and route of 
administration; the rate of excretion; other drugs which have previously been administered; 
and the severity of the particular disease undergoing therapy, as is well understood by those 
of skill in the area. 

The compounds of the present invention can be administered by a variety of 
methods. Thus, those products of the invention that are active by the oral route can be 
administered in solutions, suspensions, emulsions, tablets, including sublingual and 
intrabuccal tablets, soft gelatin capsules, including solutions used in soft gelatin capsules, 
aqueous or oil suspensions, emulsions, pills, lozenges, troches, tablets, syrups or elixirs and 
the like. Products of the invention active on parenteral administration can be administered 
by depot injection, implants including Silastic TM and biodegradable implants, 
intramuscular and intravenous injections. 

Compositions can be prepared according to any method known to the art for 
the manufecture of pharmaceutical compositions and such compositions can contain one or 
more agents selected from the group consisting of sweetening agents, flavoring agents, 
coloring agents and preserving agents. Tablets containing the active ingredient in 
admixture with nontoxic pharmaceutically acceptable excipients which are suitable for 
manufacture of tablets are acceptable. These excipients can be, for example, inert diluents, 
such as calcium carbonate, sodium carbonate, lactose, calcium phoq)hate or sodium 
phosphate, granulating and disintegrating agents, such as maize starch, or algmic acid; 
binding agents, such as starch, gelatin or acacia; and lubricating agents, such as magnesium 
stearate, stearic acid and talc. Tablets can be uncoated or, alternatively, tfiey can be coated 
by known methods to delay disintegration and adsorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a time delay such as 
glyceryl monostearate or glyceryl distearate alone or with a wax can be employed. 

Formulations for oral use can also be presented as hard gelatin capsules 
wherein the active ingredient is mixed with an inert solid dilumt, for example calcium 
carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active 
ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive 
oil. 

Aqueous suspensions of the invention contain the active materials in 
admixture with excipients suitable for the manufacture of aqueous suspensions. Such 
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excipients include a suspending agent, such as sodium carboxymethylcellulose, 
methylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, 
gum tragacanth and gum acacia, and dispersing or wetting agents such as a naturally 
occurring phosphatide {e,g,, lecithin), a condensation product of an alkylene oxide with a 
fatty acid {e.g., polyoxyethylene stearate), a condensation product of ethylene oxide with a 
long chain aliphatic alcohol (e.g., heptadecaethylene oxycetanol), a condensation product of 
ethylene oxide witii a partial ester derived from a fatty acid and a hexitol (e.g., 
polyoxyethylene sorbitol mono-oleate), or a condensation product of ethylene oxide with a 
partial ester derived from fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan 
monooleate). The aqueous suspension can also contain one or more preservatives such as 
ethyl or n-propyl p-hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents and one or more sweetening agents, such as sucrose, aspartame or saccharin. 
Ophthalmic formulations, as is known in the art, will be adjusted for osmolarity. 

Oil suspensions can be formulated by suspending the active ingredient in a 
vegetable oil, such as arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil 
such as liquid parafBn. The oil suspensions can contain a thickening agent, such as 
beeswax, hard paraffin or cetyl alcohol. Sweetening agents can be added to provide a 
palatable oral preparation. These compositions can be preserved by the addition of an 
antioxidant such as ascorbic acid. 

Dispersible powders and granules of the invention suitable for preparation of 
an aqueous suspension by the addition of water can be formulated from the active 
ingredients in admixture with a dispersing, suspending and/or wetting agent, and one or 
more preservatives. Suitable dispersing or wetting agents and suspending agents are 
exemplified by fliose disclosed above. Additional excipients, for example sweetening, 
flavoring and coloring agents, can also be present. 

The pharmaceutical compositions of the invention can also be in the form of 
oil-in-water emulsions. The oily phase can be a vegetable oil, such as olive oil or arachis 
oil, a mineral oil, such as liquid paraffin, or a mixture of these. Suitable emulsifying agents 
include naturally-occurring gums, such as gum acacia and gum tragacanth, naturally 
occurring phosphatides, such as soybean lecithin, esters or partial esters derived from fatty 
acids and hexitol anhydrides, such as sorbitan monooleate, and condensation products of 
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these partial esters with ethylene oxide, such as polyoxyethylene sorbitan monooleate. The 
emulsion can also contain sweetening and flavoring agents. 

Syrups and elixirs can be formulated with sweetening agents, such as . 
glycerol, sorbitol or sucrose. Such fomiulations can also contain a demulcent, a 
preservative, a flavoring or a coloring agent. 

The phannaceutical compositions of the invention can be in the form of a 
sterile injectable preparation, such as a sterile injectable aqueous or oleaginous suspensioiL 
This suspension can be formulated according to the known art using those suitable 
dispersing or wetting agents and suspending agents which have been mentioned above. The 
sterile injectable preparation can also be a sterile injectable solution or suspension in a 
nontoxic parenterally-acceptable diluent or solvent, such as a solution of 1,3-butanediol. 
Among tile acceptable vehicles and solvents that can be employed are water and Ringer's 
solution, an isotonic sodium cMoride. In addition, sterile fixed oils can conventionally be 
employed as a solvent or suspending medium. For this purpose any bland fixed oil can be 
employed including synthetic mono- or diglycerides. hi addition, fatty acids such as oleic 
acid can likewise be used in the preparation of injectables. 

The compounds of this invention can also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared by 
mixing the drug with a suitable non-irritating excipient which is solid at ordinary 
temperatures but liquid at the rectal temperatures and will therefore melt in the rectum to 
release the drug. Such materials are cocoa butter and polyethylene glycols. 

They can also be administered by in intranasal, intraocular, intravaginal, and 
intrarectal routes including suppositories, insufQation, powders and aerosol formulations. 

Products of the invention which are preferably administered by the topical 
route can be administered as applicator sticks, solutions, suspensions, emulsions, gels, 
creams, ointments, pastes, jellies, paints, powders, and aerosols. 

The invention will be described in greater detail by way of specific 
examples. The following examples are offered for illustrative purposes, and are intended 
neither to limit or define the mvention in any maimer. 
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EXAMPLES 
Preparation of the Compoiinds of Formala I 

EXAMPLE 1 

This example illxistrates the preparation and properties of 17a-acetoxy-21- 
fluoro-ll|J44-(7^,7V^dimethylamino)phenyl]-19-norpregna-4,9-^ (13) via the 

Silicon Nucleophilic Annulation Process (SNAP) of 5. 

StepL 5, 3'EthyUnedioxjhl7j3^ano-17a'trbnethyMyloxyes&^^ 
diene (2): 

Under nitrogen, a solution of the cyanohydrin ketal (1, 15 g, 43.9 mmol) in 
pyridine (85 mL) was treated with chlorotrimethylsilane (28 mL = 27. 1 1 g, 221 mmol) and 
the mixture was stirred at room temperature for 5 hours. The reaction was monitored by 
Thin Layer Chromatography (TLC) in 2% acetone in CH2CI2. The reaction mixture was 
poured into a 50:50 mixture of ice/saturated sodium bicarbonate solution (IL), stirred until 
the ice was melted, and extracted with hexanes (3x). The organic extracts were washed 
with water (2x), brine (Ix), combined, dried over Na2S04, and concentrated in vacuo. The 
remaining pyridine was azeotropically removed in vacuo with heptane to give 18 g of the 
crude product as a foam. Crystallization from ether/hexanes gave 16.35 g of the pure silyl 
ether (2) as a white sohd in 90% yield; m.p. = 100 -102*'C. FTIR (KBr, diffuse reflectance) 
v«,« 2880, 2232 and 1254 cm'\ 

NMR (CDCI3) 8 0.1 1 (s, 9 H, OSiMea), 0.73(s, 3 H, CI8.CH3), 3.83(s, 4 H, - 
OCH2CH2O-) and 5.49 (br s, 1 H, llp-H). 

Step 2. 3y3-Ethylenedioxy-SaJ0 a'-epoxy-'llfi-cyanO'lla'trimethyhilyloxyestra- 
9(ll)-ene (3): 

Hydrogen peroxide (30%, 6 mL, 58.6 mmol) was added to a vigorously 
stirred mixture of hexafluoroacetone trihydrate (1 1 .8 g, 53.6 mmol) and Na2HP04 (6.8 g, 
47.9 nimol) in CH2CI2 (150 mL) cooled to 0°C in an ice bath. After stirring at 0°C for 30 
minutes, a solution of the silyl ether (2, 16 g, 38.7 mmol) in CH2CI2 (10 mL), pre-cooled to 
O^C was added. The mixture was then stirred at O^'C for 8 hr. At that time TLC in 5% 
acetone/CH2Cl2 indicated incomplete reaction and the mixture was then stirred overnight at 
4°C. The reaction mixture was diluted with CH2CI2 (200 mL) and washed with 10% 
sodium sulfite solution (2x), saturated sodium bicarbonate solution (Ix) and brine (Ix). 
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The organic layers were combined, dried over Na2S04, filtered and concentrated in vacuo 
to give 16.8 g of the crude epoxide mixture which consists of a 70:30 mixture of the 
5a,10a-epoxide and 5p,10P-epoxide. Crystallization of the crude mixture firom 
ether/hexanes afforded 8.5 g of the pure 5a,10a-epoxide (3) as a white solid in 51% yield; 
m.p. = 164 -165°C. FTIR (KBr, diffuse reflectance) v,«„ 2940, 2872, 2228 and 1252 cm"^ 
NMR (CDCI3) 5 0.23 (s, 9 H, OSiMea), 0.91 (s, 3 H, CI8-CH3), 3.91 (s, 4 H, OCH2CH2O) 
and 6.12 (br s, 1 H, C11-CH-). 

Step 3. 3,3-Ethylenedioxy'S a-hydroxy-llfi^[4'(N,N'dimethylammo)phenyl]'' 
17fi'CyanO''17a'-trimethylsUyloxyestr-9(10)'ene (4): 

Magnesium (2.6 g, 107 mmol) was added to a 1.0 L, 3-neck flask equipped 

with a magnetic stir bar, addition funnel and a condenser. A crystal of iodine was added 

followed by dry THF (100 mL) and a few drops of 1,2-dibromoethane. The mixture was 

stirred under nitrogen and heated in a warm water bath until evidence of reaction was 

observed. A solution of 4-bromo-JV;i\^dimethylanihne (19.6 g, 98 xmnol) in dry THF (100 

mL) was then added dropwise over a period of 20 min. and the mixture stirred for an 

additional 1.5 hours. Solid copper (J) chloride (1 g, 10.1 mmol) was added followed 30 

minutes later by a solution of the 5a-,10a-epoxide (3, 8.4 g, 19.55 mmol) in dry THF 

(10 mL). The mixture was stirred at room temperature for 1 hr., then quenched by the 

addition of saturated NH4CI solution (100 mL). With vigorous stirring, air was drawn 

through the reaction mixtiire for 30 mmutes. The mixture was diluted with ether (250 mL) 

and the layers allowed to separate. The THF/ether solution was washed with 10% NHaCI 

solution (3x), 2 N NH4OH solution (3x) and brine (Ix). The organic layers were combined, 

dried over Na2S04, filtered and concentrated in vacuo to give the crude product. 

Crystallization of the crude product firom ether gave 8.6 g of the pure product 4 as a white 

soHd in 80% yield; m.p. = 222 - 224°C dec. FTIR (KBr, difRise reflectance) v^ax 3221, 

2951, 2232, 1613, 1517 and 1253 Qm'\ NMR (CDCI3) 5 0.20 (s, 9 H, OSiMea), 0.5 (s, 3 H, 

CI8-CH3), 2.83 (s, 6 H, NMe2), 3.9 (m, 4 H, OCH2CH2O), 4.3 (m, 1 H, CI la-CH), 6.63 (d, 

J-9 Hz, 2 H, 3', 5* aromatic-CH's) and 7.03 (d, J=9Hz, 2\ & aromatic-CH's). 

Step 4, llj3'[4-(N,N-Dimethylamino)phenyl]'17fi<yano-17a-hydro 
dien-3'one (5): 

A solution of the Grignard adduct (4, 8.5 g, 15.4 mmol) was dissolved in 
THF (50 mL) and the system was flushed with nitrogen. Glacial acetic acid (150 mL) and 
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water (50 mL) were added and the mixture was heated at 50°C for 4 his. The volatile 
substances were removed in vacuo under a stream of nitrogen and the residual add 
neutralized with NH4OH. The mixture was extracted with CH2CI2 (3x). The organic 
fractions were washed with water (2x), brine (Ix), combined, dried over Na2S04, filtered 
and concentrated in vacuo. Crystallization of the residue from ether gave 3.1 g of 
cyanohydrin (5) as a pale yellow solid. Chromatography of the mother liquors elutmg with 
50% EtOAc in hexanes followed by crystallization gave 1.8 g of an additional product. 
Total yield of the cyanohydrin 5, was 4.9 g in 76.2% yield; m.p. = 152 - 154X. FTIR 
(KBr, diffiise reflectance) v„uix 3384, 2950, 2231, 1646, 1606 and 1520 cm'^ NMR 
(CDCI3) 5 0.67 (s, 3 H, CI8-CH3), 2.97 (s, 6 H, NMe2), 4.38 (br s, 1 H, CI la-CH), 5.83 (s, 
1 H. C4-CH=), 6.7 (d, J=9 Hz, 2 H, 3', 5* aromatic-CH's) and 7.1 (d, J= 9 Hz, 2H, 2\ & 
aromatic-CH's). 

Step 5, llfi^[4'(NyN-Dimethylammo)phenyl]-17fi-cyanO'17a'' 
bromomethyldiniethylsilyloxyestra'4,9''dien''3'One(6): 

Under nitrogen, a solution of cyanohydrin (5) (4.8 g, 1 1 .52 mmol), 
triethylamine (2.5 mL, 17.8 mmol) and dimethylaminopyridine (DMAP) (0.4 g, 3.3 mmol) 
in dry THF (50 mL) was treated with bromomethyldimethylsilyl chloride (2 mL, 14.66 
mmol). The mixture was stirred overnight at room temperature, diluted with hexanes, 
filtered through Celite and concentrated in vacuo. Flash chiomatogr^hy of the residue 
using 40% EtOAc in hexanes gave 4.8 g of the pure silyl ether (6) as a white solid in 73.4% 
yield; m.p.= 176.177°C. FTIR (KBr, dif&se reflectance) v„«« 2950, 2882, 2229, 1660, 
1613 and 1519 zm\ NMR (CDCI3) 8 0.41 (s, 6 H, OSi(CH3)2), 0.6 (s, 3 H, CI8.CH3), 2.61 
(s, 2 H, -SiCHzBr), 2.91 (s, 6 H, NMe2), 4.4 (br m, 1 H, CI la-CH), 5.77 (s, 1 H, C4.CH=), 
6.66 (d, J = 9 Hz, 2 H, 3', 5' aromatic-CH's) and 7.05 (d, J = 9 Hz, 2\ & aromatic-CH's). 

Step 6A. 17a-Hydroxy-21-chloro-llfi^[4-(N,N'dimethylamino)phe^ 
norpregna-4,9'^iene-3,20'dione (7A): 

Under anhydrous conditions and using a mechanical stirrer, a solution of tiie 

silyl ether (6) (370 mg, 0.71 mmol) in dry THF (7.0 mL) was cooled to -78^C and treated 

dropwise with a 1.5 M solution of Kthium diisopropylamide in cyclohexane (1.2 mL, 1.77 

mmol). The reaction mixture was stirred at -78*'C for 45 min. and then wanned to -40''C. 

The reaction was quenched by addition of 4 N HCl (10 mL) and allowed to warm to room 

temperature. The excess acid was neutralized with the cautious addition of saturated 
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NaHCOa solution. The mixture was extracted with EtOAc. The organic extracts were 
washed with H2O, and brine, combined, and dried over Na2S04. Evaporation of the solvent 
gave 378 mg of the crude product. The material was chromatographed eluting with 7.5% 
acetone/CH2Cl2 to afford 179 mg of the 21-chloro ketone (7A) as a stable foam in 54% 
yield. MS (EI) m/z (relative intensity) 467 (M^, 70), 431 OVf*" -36, 8), 134(18) and 121(100) 
FTIR (KBr, diffuse reflectance) v,„« 3363, 2940, 1727, 1641 and 1517 cm'^ NMR (CDCh) 
5 0.37 (s, 3 H, CI8-CH3), 2.90 (s, 6 H, NMej), 4.40 (br. d, 1 H, Clla-CH), 4.5 (dd., 2 H, 
J = 15 Hz, J' = 12 Hz, C2I-CH2CI), 5.77 (s, 1 H, C4-CH=), 6.67 and 7.0 (d, 4 H, aromatic- 
CH's). 

Generation of (7A) from (5): "One Pot" (Step 5 and 6) Chloromethyldimethyl- 
silylation/LDA Reaction: 

A solution of cyanohydrin (5) (2.25 g, 5.4 mmol), TEA (1.02 mL, 

7.29 mmol) and DMAP (165 mg, 1.35 mmol) in THF (20 mL) was treated with 

chloromethyl dimethylsilylchloride (0.82 mL, 6.21 mmol). The reaction was stirred 

overnight and diluted with THF (30 mL). The mixture was chilled to -78°C and treated 

dropwise widi LDA (1 .5 M/CeH^, 14.4 mL). The mixture was stirred at -78°C for 45 min. 

and then warmed to -40*'C. The reaction was quenched by addition of 4N HCl and allowed 

to warm to room temperature. The excess acid was neutralized with saturated NaHCOs 

solution and diluted with water. The aqueous mixture was extracted with methylene 

chloride. The organic extracts were washed with H2O, brine, combined and dried over 

Na2S04. Evaporation ofthe solvent gave 3.24 g of the residue. The material was 

chromatographed eluting with 7.5% acetone/CHaCla) to afiford 1.13 g.of 7A in 45% yield, 

which was identical in all respects to the 21-chloroketone (7A) obtained from the 

previously described two step procedure. 

Step 6B. 17a-Hydroxy-21'bromo-lip^[4-(N,N-dimethylamino)ph^ 
norpregna-4,9''diene-3,20-dione (7B): 

Under anhydrous conditions and using a mechanical stirr^, a solution ofthe 
silyl ether 6 (2.9 g, 5. 1 1 mmol) in dry THF (80 mL) was cooled to -78^C and treated 
dropwise with a 1.5 M solution of lithium diisopropylamide (LDA) in cyclohexane (10.2 
mL, 15.3 mmol). After 1 hr., the reaction mixture became very viscous, Le,, almost a gel. 
The reaction was quenched at -78*^0 by addition of 4 N HBr (50 mL, 200 mmol) and the 
mixture allowed to warm to room temperature. The excess acid was neutralized by slow 
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addition of concentrated NH4OH solution (15 mL) and the mixture was poured into water 
(100 mL) and extracted with CH2CI2 (3x). The organic extracts were washed with water 
(3x), combined, filtered through Na2S04 and concentrated in vacuo to give 3.1 g of ttie 
crude product as a foam. Purification via Flash chromatography gave a 94: 6 mixture of the 
21-bromo- (7B) and 21-chloro- (7A) derivative evidenced by a reverse phase HPLC on a 
NovaPak column eluting with MeOH/H20/Et3N (70:30:0.033) at a flow rate of 1.0 mTymin 
at A, = 302 nm. MS(EI) m/z (relative intensity): 513 (M^ +2, 10), 512 (Nf , 20), 431(18) 
and 121 (100). FTIR (KBr, difiuse reflectance) 3327, 2948, 1723, 1660, 1611 and 
1518 cm-^ NMR (CDCI3) 5 0.3 (s, 3 H, CI8-CH3), 2.80 (s, 6 H, NMea), 4.3 (br m, 3 H, . 
CI la-CH and C21-CH2Br), 5.65 (s, 1 H, C4.CH=), 6.55 (d, J = 9 Hz, 2 H, 3^ 5» aromatic- 
CH's) and 6.9 (d, J = 9 Hz, 2\ & aromatic-CH's). This mixture was used for the subsequent 
reaction without further purification. 

St^ 7. 17a-Hydroxy-21-aceto:qhllJ^[4'(N,N'dimeihylamm^^ 
norpregna-4y9-diene"3j20-dione (8): 

Under nitrogen, a solution of a 94:6 mixture of the 21-halogenated steroid 
(7A and 7B) (1 .8 g, 3.5 mmol) and potassium acetate (10 g, 102 mmol) in acetone was 
refluxed for 2 hrs. At the end of that time, TLC (10% acetone/CH2Cl2) indicated no 
presence of starting material. The reaction mixture was cooled to room temperature, 
filtered, concentrated in vacuo^ diluted with water (200 mL) and extracted with CH2CI2 
(3x). The organic extracts were washed with water (2x), combined, filtered flirough 
Na2S04 and concentrated in vacuo to give 1 .6 g of the crude acetate (8) as a foam in 93% 
yield. A small portion of the pure acetate (8) was solidified by trituration with ether for 
characterization. This solid did not have a proper melting point and remained a solid when 
heated to 300°C. MS (EI) m/z (relative intensity): 491(lvf, 72), 431(6),314(17) and 
121(100). FTIR (KBr, diffuse reflectance) v^^ax 3326, 2949, 1752, 1733, 1639, 1613, 1588 
and 1519 cm'^ NMR (CDCI3) 5 0.43 (s, 3 H, CI8-CH3), 2.27 (s, 3 H, OAc), 3.0 (s, 6 H, 
NMea), 4.5 (br. d, 1 H, CI la-CH), 5.25 (dd, h = 29.7 Hz, J2 - 24 Hz, 2 H, CKbOAc), 5.87 
(s, 1 H, C4-CH=), 6.77 (d, J = 9 Hz, 2 H, 3', 5^ aromatic-CH's) and 7.17 (d, J = 8.7 Hz, 2 H, 
2', 6' aromatic-CH's). Anal. Calcd. for C3oH37N05'y2H20: C, 71.97; H, 7.65; N, 2.80. 
Found: C, 72.16; H, 7.48; N, 2.90. 
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Step 8. 17a,21''Dihydroxy-llfi'[4'(N,N'^imeihylamino)phenyl]'19-nor^^ 
4,9^diene^3,20-dione (9): 

A solution of the 21-acetate (8) (1.6 g, 3.25 mmol) in MeOH (100 mL) was 
deoxygenated by bubbling through it a slow stream of nitrogen for 30 minutes. A similarly 
deoxygenated 0.5 M solution of KHCO3 in deionized water (10 mL, 5 mmol) was added 
and the mixture heated to reflux under nitrogen and monitored by TLC (5% 
i-PrOH/CHaCU) which indicated a complete reaction after 2 hr. The nrbcture was 
neutrahzed with IM AcOH solution and the me&anol removed in vacuo under a stream of 
nitrogen. Theresidue was taken up in CH2CI2 and washed with water (3x), The organic 
layers were combined, dried over Na2S04, filtered and concentrated in vacuo to give 1.6 g 
of the residue. This material was purified by Flash chromatography using 3% i- 
PrOH/C3l2Cl2) followed by precipitation from methanol witti water to give 1 .1 g of the diol 
(9) as a yellow amorphous solid in 75% yield; m.p. = softens at 130°C. FTIR (KBr, diffuse 
reflectance) v,„« 3391, 2946, 1712, 1654, 1612 and 1518 cm \ NMR (CDCI3) 5 0.35 (s, 3 
H, CI8-CH3), 2.91 (s, 6 H, NMez), 4.5 (m. 3 H, CI la-CH and CH2-OH), 5.77 (s, 1 H, C4- 
CH=), 6.67 (d, J = 9 Hz, 2 H, 3', 5' aromatic-CH's) and 7.0 (d, J - 8.7 Hz, 2 H, 2\ & 
aromatic-CH's). MS (EI) m/z (relative intensity): 449(M^, 51), 431(14), 419(9), 389(27), 
3432(9) and 121(100). Anal. Calcd. for C28H35N04'/2H20: C, 73.33; H, 7.91; N, 3.05. 
Found: C, 73.52; H, 7.70; N, 3.06. 

Step 9. 17a-Hydroxy-21-mesyhxy'liP'[4'(N^'Dimeaiylamino)^^^ 
norpregna'4,9-diene'3,20'dione (10): 

Under nitrogen, a solution of the diol (9) (0.5 g, 1.11 mmol) and 
triethylamine (0.25 mL, 1.8 mmol) in dry pyridine (10 mL) was cooled to 0^*0 in an ice bath 
and treated with meflianesulfonyl chloride (0.125 mL, 1.615 mmol). After stirring at 0°C 
for 1 hr., TLC (10% acetone/CH2Cl2) of a quenched (EtOAc/H20) aliquot indicated 
complete reaction Cold water (50 mL) was added and the mixture extracted with CH2CI2 
(3x). The organic layers were washed with water (3x), combined, dried over Na2S04, 
filtered and concentrated in vacuo, Azeotropic in vacuo removal of trace pyridine using 
heptane gave 0.62 g of the residue. Purification via Flash chromatography using 10% 
acetone/CH2Cl2 followed by trituration with Et20 gave 0.46 g of the pure 21-mesylate (10) 
as a yellow solid in 78.4% yield; m.p. - 146-149°C. FTIR (KBr, dififiise reflectance) V;„^ 
3298, 2947, 2738, 1630, 1614, 1518 and 1 174 cm^^ NMR (CDCI3) 5 0.39 (s, 3 H, C18- 
CH3), 2.91 (s, 6 H, NMe2), 3.2 (s, 3 H, OSO2CH3), 4.4 (br d, 1 H, CI la-CH), 5.27 (dd, 
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Ji = 27 Hz, J2 = 18Hz, 2 H, C2I-CH2OMS), 5.79 (s, 1 H, C4-CH=), 6.69 (d, J = 9 Hz, 2 H, 
3', 5' aromatic-CH's) and 7.07 (d, J - 9 Hz, 2 H, 2', 6' aromatic-CH's). 

Step 10. 17a'Hydroxy'21'fluoro-llfi'[4-(N^'dimethylamm^^ 

norpregna'4,9-diene-3,20' dione (11) and 17-SpirooxetanO'3'-oxO'll^ 
5 f4'(N,N-dimethylamino)phenylJ-19'norpregna-4,9-dien-3-o^ 

Under nitrogen, a mixture of the 21-mesylate (10) (0.4 g, 0.758 mmol), 
potassium fluoride (0.5 g, 8.6 nunol) and 18-Crown-6 (0.5 g, 1.9 mmol) in anhydrous 
CH3CN (15 mL) was heated to reflux and monitored by TLC (6% acetone/CH2Cl2) which 
indicated consumption of starting material and formation of two major products after 1 hr. 

10 The reaction mixture was cooled to room traiperature, diluted with water (150 mL) and 
extracted with CH2CI2 (3x). The organic extracts were washed with water (3x), combined, 
dried over Na2S04, filtered and concentrated in vacuo. The mixture was separated via flash 
chromatography using 6% acetone/CH2Cl2 to give 0.158 g of the 21-fluoro compound (11) 
as a pale yellow solid in 46% yield; m.p. 132-135**C. 

15 FTIR (KBr, diffuse reflectance) v„ax 3492-3303, 2948, 1733, 1652, 1610 

and 1519 cm \ NMR (CDCI3) 8 0.40 (s, 3 H, C18-CH 3), 2.90 (s, 6 H, NMe2), 4.4 (br d, 
1 H, CI la-CH), 5.26 (dd, Jhf = 48.6 Hz, Ji = 16.2 Hz, h =22 Hz, 2 H, CH2F), 5.77 (s, 1 H, 
C4-CH=), 6.67 (d, J = 9 Hz, 2 H, 3\ 5' aromaticCH's) and 7.01 (d, J = 9 Hz, 2 H, 2\ & 
aromatic-CH's). MS(EI) m/z (relative intensity): 451 (Nr',3 3) and 121(100). In addition to 

20 the aforementioned compound 11, 0. 1 77 g of the oxetan-3*-one (12) was obtained as an off- 
white amorphous powder in 54.1% yield; m.p. = softens at 95°C. MS (EI): m/z (relative 
mtensity) 431(M^, 38), 134(14) and 121(100) FTIR (KBr, diffuse reflectance) Vmax 2941, 
1809, 1663, 1613 and 1519 cm'^. Analysis by a reverse phase HPLC on aNovaPak Cis 
coluimi eluted with CH3CN/H20/Et3N (50:50:0.033) at a flow rate of 1 mL/min and at ;i = 

25 302 nm indicated this material to be of 97% purity whose retention time (ts) is 13.39 min. 
NMR (CDCI3) 5 0.55 (s, 3 H, CI8-CH3), 2.91 (s, 6 H, NMcz), 4.45 (br d, J = 6.7 Hz, 1 H, 
Clla-CH), 5.03 (dd, Ji = 17.1 Hz, J2 = 15.3 Hz, 2 H, C2I.CH2), 5.79 (s, 1 H, C4.CH=), 
6.69 (d, J = 9 Hz, 2 H, 3\ 5' aromatic-CH's), 7.03 (d, J = 9 Hz, 2 H, 2\ & aromatic-CH's). 
Anal. Calcd. for CzgHaaNOs: C, 77.93; H, 7.71; N, 3.25. Found: C, 77.80; H, 7.62; N, 

30 3.11. 
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Step 11. 17a-Acetoxy-21-fluoro-llfi-[4-(N^-dimethylamino)phenyl]-19- 
norpregna^,9-diate-3,20'dUwe (13): 

Under nitrogen, trifluoroacetic anhydride (1.75 mL, 12.39 mmol), glacial 
acetic acid (0.7 mL, 12.14 mmol) and dry CH2CI2 (10 mL) were combined and stined at 
room temperature for Vi hr. The mixture was cooled to O^C in an ice bath and 
toluenesulfonic acid monohydrate (0.1 g, 0.53 mmol) was added. A solution of the 21- 
fluoro-17a-alcohol (11) (0.28 g, 0.62 mmol) in dry CH2CI2 was then introduced via syringe 
and the mixture stirred at 0°C for 6.5 hrs. After ttat time, TLC (10% acetone/CH2Cl2) 
indicated a complete reaction. The mixture was diluted wifli water (3x), neutralized with 
concentrated NELjOH solution and extracted with CH2CI2 (3x), The organic extracts were 
washed with water (3x), combined, filtered through Na2S04 and concentrated in vacuo to 
give 0.32 g of the crude product as a foam. Purification via flash chromatography (5% 
acetone/CH2Cl2) followed by trituration with heptane and pentane gave 0.18 g of the pure 
21-fluoro-17a-acetate (13) as a white amoiphous solid in 58.8% yield; m.p. 169-173°. 
Analysis by a reverse phase HPLC on a NovaPak C18 column eluted with 
MeOH/H20/Et3N (70:30:0.033) at a flow rate of 1 mUmin and at X = 302 nm indicated this 
material to be of98.9% purity which has a retention time of tR= 5.97 min. MS(EI),m/z 
(relative intensity): 493(M^ 32), 134 (14), 122(13) and 121(100). FTIR (KBr, diffuse 
reflectance) v,„„ 2946, 1739, 1662, 1612 and 1510 cm"'. 

NMR (CDCI3) 5 0.40 (s, 3 H, CI8-CH3), 2.10(s, 3 H, OAc), 2.90 (s, 6 H, 
NMez), 4.4 (br d, 1 H, Clla-CH), 4.95 (dq, Jhf = 48 Hz, h = 16 Hz, h =22Hz. 2 H, CHjF), 
5.80 (s, 1 H, C4-CH=), 6.67 (d, J = 9 Hz, 2 H, 3', 5' aromatic-CH's) and 7.03 (d, J = 9 Hz, 
2H,2',6'aromatic-CH's). Anal. Calcd. for C3(xH36FN04: C, 73.00; H, 7.35; N, 2.84, 
Found: C, 72.96; H, 7.47; N, 2.84. 

EXAMPLE 2 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
cMoro-1 lp-[4-(jy;//-dimethylamino)phenyl]-19-noipregna-4,9-diene-3,20-dione (14A). 

A solution of trifluoroacetic anhydride (2.2 mL, 15,56 mmol) in CH2CI2 
(25 mL) was treated witii acetic acid (0,89 mL, 15,56 mmol). The mixture was stirred at 
room tanperature for 30 min, and p-toluenesulfonic acid (137 mg, 0.72 mmol) was added. 
The mixture was chilled to O'C and a solution of 7A (364 mg, 0,78 mmol) in CH2CI2 (2.0 
mL) was added. The mixture was stirred for 2 hrs, and quenched with cautious addition of 
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saturated NaHCOa solution. The mixture was extracted with CH2CI2. The organic extracts 
were washed with H2O and brine, combined and dried over Na2S04. Evaporation of the 
solvent gave 412 mg of a stable foam. The material was chromatographed eluting with 5% 
acetone in CH2CI2 to afford 210 mg of 14A in 53% yield as an amoiphous foam which 
persisted recrystallization from a variety of solvents. Analysis by a reverse phase HPLC on 
a NovaPak Cig column, eluted with 30% aq. MeOH with 0.033% TEA at a flow rate of 
1 .0 mL/min at X = 260 mn showed the material to be approximately 95% pure. Therefore, 
the material was purified by preparative HPLC on a Whatman Magnum Partisil lO-ODS-3 
column eluted with aqueous MeOH with 0.033% TEA at a flow rate of 10 mL per minute at 
X = 325 nm to afford 158 mg of 14A as an amorphous yellow foam in 48% yield. FITR 
(KBr, diffuse reflectance) Vmax 2947, 1731, 1660, 1610 and 1518 cm"^ NMR (CDCI3) 5 
0.40 (s, 3 H, CI8-CH3), 2.13 (s, 3 H, C17a-0Ac), 2.90 (s, 6 H, N(CH3)2), 4.23 (dd, J = 
15 Hz, J' = 9 Hz, 2 H, C2I-CH2CI), 4.4 (br d, 1 H, CI la-CH), 5.72 (s, 1 H, C4-CH=), 6.67 
and 7.0 (d, 4 H, aromatic-CH). MS (EI) m/z (relative intensity): 510(M^, 6), 509 (M^ -1, 
16), 134 and 121(100). Anal. Calcd. for C30H36NO4CI: C, 70.64; H, 7.11; N, 2.75. Found; 
C, 70.46; H, 7.10; N, 2.76. 

EXAMPLES 

This example illustrates the preparation and properties of 17a-acetoxy-21" 
bromo-1 lp-[4-(iV:A^-dimethylamino)phenyl]-19-norpregna-4,9-diene-3^^^ (14B). 

StepL Purification of 7B 

The pmre 21-bromo compound (7B) was isolated from a 90: 10 mixture of 
the 2 1 -halo product (7B 'I^) i^eans of Waters Prep LC system on a NovaPak Cig 
column (40 x 100 mm) eluted with 30% aq. MeOH and 0.03% Et^N at a flow rate of 
35 mL/min and at A. = 334 nm. A total amount of 0.75 g of a 90:10 mixture (7B:7A) was 
chromatographed in 10 runs of 75 mg each to give of 0.5 g of the pure 21-bromo compound 
(7B) as a pale yellow solid in 67% yield. This material was >99% pure by analytical 
HPLC. FTIR (KBr, difiuse reflectance) v,;^ 3327,2948, 1723, 1660, 1611 and 1518 cm"\ 
NMR (CDCI3) 5 0.3 (s, 3 H, CI8-CH3), 2.80 (s, 6 H, NMej) , 4.33 (dd, Ji = 12 Hz, J2 = 9 
Hz, 2 H, C21-CH2Br), 4.40 (br d, 1 H, Clla-CH), 5.65 (s, 1 H, C4-CH=), 6.55 (d, J = 
9 Hz, 2 H, 3', 5' aromatic-CH*s), 6.9 (d, J = 9 Hz, 2', & aromatic-CH's). 
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Step 2. Preparation of the Target Compound (14B) 

Under nitrogen, a mixture of trifluoroacetic anhydride (1.64 mL, 
1 1 .68 mmol), glacial acetic acid (0.67 mL, 1 1.62 mmol) and dry CH2CI2 (10 mL) was 
stirred at room temperature for 30 min and then cooled to 0°C iu an ice bath 
i?-Toluenesulfonic acid monohydrate (0.1 g, 0.52 mmol) was added followed by a solution 
of the 21-bromo alcohol (7B) (0.3 g, 0.59 mmol) in dry CH2CI2 (2 mL). The reaction 
mixture was stirred at 0°C and monitored by TLC (10% acetone/CH2Cl2) which indicated a 
complete reaction in 2 hrs. The mixture was diluted with water (10 mL), neutralized with 
concentrated NH4OH solution and extracted with CH2CI2 (3x). The organic extracts were 
washed with H2O (3x), combined, filtered tiirough Na2S04 and concentrated in vacuo to 
give 0.35 g of the residue as a foam. This material was purified by flash chromatography 
using 5% acetone/CH2Cl2 followed by crystallization from Et20/hexanes to give 0.24 g of 
the 21-bromo acetate (14B). Analysis by NMR indicated a significant amount of ether as 
solvent of crystallization. This material was then dissolved in CH2CI2 (3 mL) and the 
solvent blown down to give an oil. Trituration with heptane followed by washing with 
pentane and drying in vacuo gave 0.16 g of the pure 21-bromo compound (14B) as a white 
crystalline solid in 49% yield: m.p. = 141-145°C. MS (EI) m/z (relative intensity): 555 
(IvT + 2, 82), 553 (M^ 76), 475(13), 414(8), 372(13), 134(15) and 121(100). FTIR (KBr, 
diffuse reflectance) v,nax 2933, 1730, 1664, 1613, 1596 and 1519 cm"^ NMR {CDCh) 5 
0.40 (s, 3 H, CI8-CH3), 2.13 (s, 3 H, OAc), 2.80 (s, 6 H, NMez), 4.07 (dd, Ji = 14 Hz, J2 = 
7 Hz, 2 H. C21-CH2Br), 4.40 (br d, 1 H, CI la-CH), 5.83 (s, 1 H, C4-CH=), 6.67 (d, J = 
9 Hz, 2 H, 3', 5* aromatic-CH's), 7.07 (d, J = 9 Hz, 2 H, 2\ & aromatic-CH's). Anal. Calcd. 
forC3oH36BrN04-l/5H20: C, 64.98; H, 6.54; Br, 14.41; N, 2.53. Found: C, 64.82; H, 
6.62; N, 2.27. 

EXAMPLE 4 

This example illustrates the preparation and properties of 17a,21-diacetoxy- 
1 ip-[4-(iy;Mdimethylaniino)phenyl]-19-norpregna-4,9-diCT^ (15). 

Under nitrogen, a mixture of trifluoroacetic anhydride (4.0 mL, 28.3 mmol), 
glacial acetic acid (1.6 mL, 27.7 mmol) and dry CH2CI2 (10 mL) was stirred at room 
temperature for 30 min. and then cooled to O^^C in an ice bath. p-Toluenesulfonic acid 
monohydrate (0.1 g, 0,53 mmol) was added followed by a solution of the 17a, 21-.diol (9, 
0.345 g, 0.77 mmol) in dry CH2CI2 (2 mL). The reaction mixture was stirred at 0°C and 
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monitored by TLC (10% acetone/CH2Cl2) which indicated a complete reaction in two hrs. 
The mixture was diluted with H2O (10 mL), neutralized with concentrated NEltOH solution 
and extracted with CH2CI2 (3x). The organic layers were washed with H2O (3x), combined, 
filtered through Na2S04 and concentrated in vacuo to give 0.4 g of the residue as a foam. 
5 This material was purified by flash chromatography using 5% acetone/CH2Cl2 followed by 
trituration with heptane and pentane to give 0.24 g of the 17a,21-diacetate (15) as a yellow 
amorphous solid in 58.4% yield: m.p. = 128 - 134°C Analysis by a reverse phase HPLC 
on a NovaPak Cis column eluted with CH3CN:H20:Et3N (1:1:0.033) at a flow rate of 1 
mL/min and at X = 302 nm indicated 15 to be of >98% purity which has a retention time of 

10 12 min. MS (EI) m/z (relative intensity): 533 (M**, 24), 134 (14), 122 (11) and 121(100). 
Fim (KBr, diffuse reflectance) 2942, 1738.1663,1611,1518 and 1233 cm"^ NMR 
(CDCI3) 5 0.33 (s, 3 H, CI8-CH3), 2.10 (s, 3 H, C17a-0Ac), 2.13(s, 3 H, C21-0Ac), 2.90 
(s, 6 H, NMez), 4.43 (br d, 1 H, CI la-CH), 4.84 (dd, Ji = 29.7 Hz, J2 = 18 Hz, 2 H C21- 
CH2Br), 5.80 (s, 1 H, C4-CH=), 6.67 (d, J = 9 Hz, 2 H, 3', 5' aromatic-CH's), 7.05 (d, J = 9 

15 Hz, 2 H, 2', 6' aromatic-CH's). Anal. Calcd. for C32H39NO6 I/3H2O: C, 71.22; H, 7.41; N, 
2.60. Found: C, 71.27; H, 7.35; N, 2.61. 

EXAMPLES 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
acetylthio-1 ip-[4-(J\^iV'-dimethylamino)phenyl]-19-noTpregna-4,9-diene-3,20 (17). 

20 Step 1. 17a'Hydroxy-21-acetylthiO'll^[4-(NjN'4imethyl(mino^ 

norpregna'4y9-diene-3,20'dione (16): 

The 17a-Hydroxy- 21-bromo compound (7B) (2.79 g, 5.44 mmol) dissolved 
in acetone (150 mL) was refluxed with sodium iodide (8.16 g, 54.4 mmol) for 1 hr in an 
atmosphere of nitrogen and then filtered directly into a suspension of potassium thioacetate 

25 (6.2 g, 54.4 mmol) in acetone (150 mL). After refluxing for an additional 2.5 hrs, the 
reaction mixture was cooled to room temperature, filtered, concentrated in vacuo, diluted 
with H2O and extracted with CH2CI2. The organic firactions were washed with H2O and 
brine, combined and dried over sodium sulfate. The filtrate was evaporated and the residue 
was purified via flash silica gel column (6% acetone/CH2Cl2) to afford 1.99 g of 16 as a 

30 yellow foam in 72. 1 % yield. Crystallization of the foam Sx>m EtOAc/hexanes gave yellow 
crystals with m.p. 197-198°C. FTIR (KBr, diflEiise reflectance) v,nax 3483, 2943, 1722, 
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1696, 1642. 1615, 1585 and 1520 cm'K NMR (CDCI3) 5 0.40 (s, 3 H, CI8-CH3), 2.41 (s, 
3 H, Ac). 2.93 (s, 6 H, NMez), 3.32 (s, 1 H, C17a-0H), 3.65 and 4.31 (AB-System, J = 
16.5 Hz, 2 H, C2I-CH2), 4.36 (br d, 1 H, CI la-CH), 5.73 (s, 1 H, C4-CH=), 6.66 (d, J = 
9 Hz, 2 H, 3', 5' aromatic-CH's) and 7.07 (d, J = 9 Hz, 2 H, 2', 6' aromatic-CH's). MS(EI) 
m/z (relative intensity): 507 (M*). Anal. Calcd. for C30H37O4NS: C, 70.79; H, 7.35; N, 
2.76; S, 6.31. Found: C, 70.97; H, 2.75; N, 2.76; S, 6.29. 

Step 2. Preparation of the target compound (1 7): 

Under nitrogen, trifluoroacetic anhydride (8.5 mL, 61.95 mmol), glacial 
acetic acid (3.5 mL, 60.7 mmol) and dry CH2CI2 (100 mL) were combined and stirred at 
room temperature for 20 min. The mixture was cooled to 0°C in an ice bath and p- 
toluenesulfonic acid monohydrate (0.5 g, 2.65 mmol) was added. A solution of the 17a- 
alcohol (1;^ (1 .99 g, 3.99 mmol) in dry CH2CI2 was added and the mixture stirred at 0 - 5°C 
for 10 hr. The mixture was neutralized with saturated NaHCOa sohition and extracted with 
CH2CI2 (3x). The organic fractions were wa^ed with H2O (3x), combined and dried over 
Na2S04. The filtrate was evaporated and the residue was purified via flash silica gel 
column (4.6% acetone/CH2Cl2) to afford 1.73 g of 17 as a yellow foam in 80.4% yield: m,p. 
= 123 - 124°C. MS(EI) m/z (relative intaisity): 549 (M^. FTIR (KBr, diffuse reflectance) 
Vm„2946, 1736, 1692, 1663, 1611 and 1518 cm'*. NMR (CDCI3) 5 0.39 (s, 3 H, CI8-CH3), 
2.18 (s, 3 H, OAc), 2.38 (s. 3 H. SAc), 2.92 (s, 6 H, NMej), 3.91 (s, 2 H, 2I-CH2), 4.44 (br 
d, 1 H, CI la-CH), 5.78 (s. 1 H, C4-CH=), 6.67 (d, J = 9 Hz, 2 H, 3*, 5' aromatic-CH's) and 
7.08 (d, J = 9 Hz, 2 H, 2', & aromatic-CH's). Anal. Calcd. for C32H39NO5S: C, 69.92; H, 
7.15; N, 2.55; S, 5.83. Found: C, 69.66; H, 7.12; N, 2.58; S, 5.59. 

EXAMPLE 6 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
methyl-1 ip-[4-(iV;i\r-dimethylamino)phenyl]-19-norpregna-4,9-diene-3,20-dione (28): 

Step 1. 3,3-Ethylenedioxy-17a-trmethylsifyloxyesti-a-S(10),9(ll)-dien'17a- 
aldehyde(21). 

The cyano trimethylsilyl ether (2) (16 g, 38.7 mmol) was dissolved in THF 
(30 mL, distilled fi-om lithium aluminum hydride (LAH)) in oven-dried glassware, and t- 
butyl methyl ether (300 mL) was added. The mixture was cooled to CC in an ice bath, 
diisobutylaluminum hydride (DffiAL-H) (75 mL, 1 M in toluene) was added to the mixture 
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over 30 vain, using an addition funnel. The reaction mixture was stirred under nitrogen at 
room temperature and monitored by HPLC (on a NovaPak Cig column eluted with 
CH3QI/H20/75 :25). The reaction was complete after 4 hr. It was cooled to 0°C in an ice 
bath and aq. acetic acid (40 mL, 50%) was added. The mixture was diluted with H2O and 
extracted with ether (3x). The ether extracts were washed with 10% acetic acid, H2O, 
saturated NaHCOa solution, H2O and brine. The combined organic layers were dried over 
Na2S04 and concentrated in vacuo to yield 15. 11 g of flie crude aldehyde (21). Flash 
chromatography using 1% THF/CH2CI2 gave 10.6 g of the pure product as a white solid in 
65% yield; m.p. = 105-109"'C. MS(EI) m/z (relative intensity): 416 (M*, 30), 270(47), 169 
(44), 129 (47), 99(73), 86 (31) and 73 (100). FTIR (KBr, diffiise reflectance) 2910 and 
1731 cm-'. NMR (CDCI3) 5 0.11 (s, 9 H, Si(CH3)3), 0.67 (s. 3 H, CI8-CH3), 3.98 (s, 4 H, 
OCH2CH2O), 5.60 (br s, 1 H. CI 1-CH=) and 9.67 (s, 1 H, C17p-CH0). Anal. Calcd. for 
C24H3604Si l/6hexane(C6Hi4): C, 69.67; H, 8.60. Found; C, 69.07; H, 8.79. 

Step 2. 3, 3-Eihylenedi0j(y-J7a-trimethylsaylo3^2O^-hydroxy-21-methyl-19- 
norpregna-5(10),9(ll)-diene (22). 

In oven-dried glassware, the crude aldehyde (21) (30.35 g, 72.8 mmol) was 
dissolved in THF (432 mL, distilled from LAH) and cooled to 0°C under nitrogen. Ethyl 
magnesium bromide (37 mL, 3 M in ether) was transferred via double-tipped needles to an 
additional funnel and then slowly added to the reaction mixture. The mixture was stirred at 
room temperature and monitored by TLC (2% acetone/CHaCfc). Reaction was complete in 
3 hr, so mixture was cooled to 0°C and saturated NH4CI solution (310 mL) was added 
slowly. THF was evaporated iwvacMo. The mixture was extiracted with ether (3x) and 
brine, and dried over Na2S04. The solvent was evtqwrated, yielding 3 1 .03 g of the crude 
20-hydroxy product (22) as a foam in 95% yield. This material was directly used without 
fiirther purification in tiie subsequent reaction FTIR (KBr, diffuse reflectance) v„„ 3503 
and 2951 cm"'. NMR (CDCI3) 5 0.16 (s, 9 H, Si(CH3)3), 0.75, 0.78 (2s, CI8-CH3 for 20a- 
and 20p- isomers). 1.01 (t, J = 6 Hz, 3 H, C2I-CH3), 3.98 (s. 4 H, 3-OCH2CH2O-) and 5.60 
(br s, 1 H, C11-CH=). MS (EI) m/z (relative intensity): 447(M^, 4,2), 418(17), 387(32), 
356 (70) and 297 (100). 
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Step 3. 3,3-Ethylenedwxy'17a-trimethyhifyloxy'21'meiliyl-19'n^ 
9(ll)^ien'20^ne (23): 

The C-20 alcohol (22) (25.34 g, 56.7 mmol) was dissolved in acetone and 
stiired at O^C in an ice bath. Jones' reagent (42 mL) was added slowly to the above 
solution until the reaction mixture remained an orange color. Then isopropanol was added 
until the green color persisted. Ice H2O (2 L) was added and stirred well. The mixture was 
extracted with EtOAc (3x), washed with H2O (2x), saturated NaHCOa, H2O and brine. The 
combined organic layers were dried over Na2S04 and concentrated in vacuo to give 18.83 g 
of the crude ketone (23). Flash chromatography using 1% ether/CH2Cl2 gave 7.3 g of the 
purified product as a foam in 29% yield. NMR (CDCI3) 5 0.10 (s, 9 H, Si(CH3)3), 0.51 (s, 
3 H, CI8-CH3), 1.04 (t, J = 7 Hz, 3 H, C2I-CH3), 3.99 (s, 4 H, C3-ketal) and 5.61 (br s, 
1H,C11-CH=). 

Step 4. 3, 3-£thylenedio:fq;'5ailOa'epoxy-17a-trinwthyIsiIylaxy 
norpregna^9(ll)'^n-20'^ne (24): 

Hexafluoroacetone trihydrate (2.20 g, 10 mmol) and CH2CI2 (23 mL) were 
stirred vigorously under nitrogen in an ice bath. Solid Na2HP04 (0.78 g, 6:5 mmol) was 
added. 30% Hydrogen peroxide (1.50 mL) was poured into the mixture. It was stirred 
30 min. A chilled solution of the C-20 ketone (23) (3.00 g, 6.75 mmol) in CH2CI2 (23 mL) 
was added slowly with a pipette. The reaction mixture was stirred overnight in the cold 
room at 4°C. TLC (2% acetone/CH2Cl2) showed reaction complete in the morning. 
CH2CI2 was added to the reaction mixture and it was washed with Na2S03 (2x), saturated 
NaHCOa, and brine. Organic extracts were dried over Na2S04 and concentrated to give 
2.98 g of a 77:25 mixture of the crude a: p-epoxide (24) according to NMR in 95% yield. 
This mixture was directly used in the subsequent reaction without further purification. 
NMR (CDCI3) 5 0.10 (s, 9 H, Si{ah)i), 0.51 (s, 3 H, CI8.CH3), 1.05 (t, J= 6 Hz, 3 H, 
C2I-CH3), 3.94 (s, 4 H, 3-OCH2CH2O-X 5.90 (br s, 1 H, Cl 1-CH= for p-epoxide) and 6.09 
(br s, 1 H, CI 1-CH= for a-q)oxide). 

Step 5. 3,3-Ethylenedioxy-Sa-hydroxy-llfi'[4'(NJ^'dimethylamino)phenyy^^ 
trimethylsayloxy-21-methyl-19''norpregn'9(10)-en'20-one(25): 

Mg (2.80 g, 1 16.2 mmol), which was washed with 0.1 N HCl, then H2O and 
acetone and dried in vacuo, was weighed into dry round-bottomed flask equipped with a 
reflux condenser. A small crystal of iodine was added and the system was flushed with 
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nitrogen and flame-dried. The flask was cooled to room temperature and 68.5 mL of THF 
distilled from LAH was added via syringe. i;2-Dibromoethane (^rox. 0.5 mL) was 
added and the mixture was stirred at room temperature. After bubbling began and the color 
of I2 disappeared, a solution of 4-bromo-A/;j\r-dimethylaniline (20.43 g, 102.1 mmol) in 
THF (34 mL) was added via syringe. The mixture was stirred until most the Mg had 
reacted. Copper (I) chloride (1.13 g, 1 14.2 namol) was added as a solid and stirred for 20 
min. The crude epoxide (24) (7.33 g, 15.91 mmol) in THF (49 mL) was then added using a 
syringe. The reaction mixture was stirred at room temperature for 30 min, at which time 
the reaction was complete by TLC (2% acetone/CH2a2). Saturated NH4CI solution 
(25 mL) was added and stirred for 30 min while air was pulled throu gh by slight vacuum. 
The mixture was diluted wifli H2O, extracted with CH2CI2 (3x), washed with H2O (2x) and 
brine, dried over Na2S04, and evaporated under reduced pressure. The residue was purified 
by flash chromatography using 3% acetone/CH2Cl2) to afford 4.27 g of the pure product 
(25) in 46.1% yield. JR (KBr, diffuse reflectance) v,„ax 3531, 2940, 1708, 1614, and 
1518 cm-^ NMR (CDCI3) 8 0.09 (s. 9 H, Si(CH3)3), 0.19 (s, 3 H, CI8-CH3). 1.02 (t, J = 
7 Hz. 3 H, C2I-CH3), 2.88 (s, 6 H, N(CH3)2), 3.99 (m, 4 H, C3-OCH2CH2O-), 4.26 (br d, 
1 H, CI la-CH), 6.85 (dd, J = 41 Hz, J' = 10 Hz, 4 H, aromatic-CH). MS (BI) m/z (relative 
intensity): 581 QSt, 46), 563(34), 391(37), 134(65) and 121(100). 

Step 6. 3,3-Ethylmedhxy-Sa,17a^ihydroxy-lip-(4-^;ii~dimethylaminoph^ 
21-methyl-19-norpregn-9(10)-en-2()-one(2^: 

Tetrabutylammonium fluoride (18.1 mL, 1 M in THF) was stirred with 
molecular sieves under nitrogen for ^prox. 1 hr. The 17a-trimethylsilyloxy compound 
(25) (3.50 g, 6.0 mmol) in THF (21 mL) which was distilled from LAH, was added to the 
mixture and stirred at room temperature for 1 hr. H2O was added and the THF was 
removed vflCMO. EtOAc was added to the mixture and was filtered flirough Celite. The 
product was detracted with EtOAc, washed with H2O and brine, and dried over Na2S04. 
Ev^oration of the solvent gave 3.19 g of the crude 5a,17a-dihydroxy compound (26) in 
quantitative yield. This material was directly used without further purification in the 
subsequent reaction. JR (KBr, diffuse reflectance) v^ax 3506, 2934, 1704, 1613 and 
1518 cm-'. NMR (CDCI3) 8 0.36 (s, 3 H, CI8-CH3), 1.03 (t. J = 7 Hz, 3 H, C2I-CH3), 2.84 
(s, 6 H, N(CH3)2), 4.00 (s, 4 H, C3-OCH2CH2O-). 4.16 (d, 1 H, CI la-CH) and 6.85 (dd, J= 
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29 Hz, J' = 10 Hz 4 H, aromatic-CH's). MS (EI) miz (relative intensity): 509 (IVT, 20), 
491(11), 134(27) and 121(100) 

Step 7, 17c^HydToxy-2UmeihylAiP'l4'(NJN'^im^^^ 
norpregna'4,9'diene''3,20'4ione (27): 

The 5a,17a-dihydroxy compound (26) (3.19 g, 6.26 nnnol) was dissolved in 
THF(25mL). Glacial acetic acid (75 mL) was added, followed by H2O (25 mL). The 
mixture was stirred overnight at room temperature at which time TLC (10% 
acetone/CH2Cl2) showed reaction complete in the morning. The THF and acetic acid were 
removed under high vacuum and the residue was CTtracted with EtOAc (3x) and washed 
with saturated NaHCOa solution, H2O and brine. The combined organic extracts were dried 
over Na2S04 and concentrated in vacuo to afford 2.81 g of the crude diene dione H-alcohol 
(27) as a foam in 100% yield. IR (KBr, diffuse reflectance) v^nax 3419, 2942, 1705, 1655, 
1612 and 1581 zm \ NMR (CDCI3) 5 0.40 (s, 3 H, CI8-CH3), 1.02 (t, J = 7 Hz, 3 H, 
C2I-CH3), 2.88 (s, 6 H, N(CH3)3), 4.37 (br d, 1 H, Clla-CH), 5.76 (s, 1 H, C4-CH=) and 
6.85 (dd, J = 24 Hz, J' = 9 Hz, 4 H, aromatic-CH's), MS (EI) m/z (relative intensity): 447 
(M", 25), 21 1(4), 134(23) and 121 (100). 

Step 8. Preparation of the target compound (28): 

In oven-dried glassware, trifluoroacetic anhydride (18.75 mL) and glacial 
acetic acid (7,2 mL) were added to CH2CI2 (50 mL) and stirred for 30 nnin . under nitrogen 
at room temperature. Solid p-toluenesulfonic acid monohydrate (1.19 g) was added and the 
mixture was cooled to 0°C in an ice bath. The 17-alcohol (27) (2.77 g, 6.17 mmol) in 
CH2CI2 (22 mL) was added and the reaction mixture was stirred at 0°C for 1.5 hr. 
Saturated K2CO3 was carefully added dropwise until the bubbling of CO2 ceased. The 
mixture was diluted with H2O, extracted with CH2CI2 (3x), and washed with H2O (2x) and 
brine. The organic layers were filtered through Na2S04 and concentrated under reduced 
pressure to yield 3.12 g of the crude product (28). The crude acetate was purified by flash 
chromatography using 3.5% acetone/CH2Cl2 and inactions >98% pure by HPLC (70% 
MeOH/30% H2O/0.03%TEA) were triturated in heptane to form 600 mg of a pale yellow 
amorphous solid in 20% yield. Analysis of the solid by HPLC using the same eluent at A, = 
260 nm indicated it to be 100% purity: m.p. = 125-133*'C; [a]^^D = + 163.16^ (c = 1.0, 
CHCI3). FTIR (KBr, difluse reflectance) v^ax 1732, 1713 and 1662 cm'^ MS (EI) m/z 
(relative intensity): 489 (M", 27), 372(4), 251(4), 134(14) and 121 (100). NMR (CDCI3), 5 
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0.330 (s, 3 H, CI8-CH3). 1.039 (t, J = 7.2 Hz, 3 H, C2I-CH3), 2.1 12 (s, 3 H, C17a-0Ac), 
2.904 (s, 6 H, N(CH3)2), 4.380 (d, J = 6.6 Hz, 1 H, CI la-CH), 5.773 (s, 1 H. C4-CH=), 
6.635 (d, J = 8.4 Hz, 2 H, 3', 5^ aromatic-CH's) and 6.978 (d, J = 8.7 Hz, 2 H, 2', 6' 
aromatic-CH's). Anal. Calcd. for C31H39O4N: C, 76.04; H, 8.03; N, 2.86. Found: C, 
5 76.03; H, 8.05; N, 2.91. 

EXAMPLE? 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
hydroxy-UP-[4-(//,Ar-dimethylamino)phenyl]-19-norpregna-4,9-diene-3^0^iione(4^^ 

Step 1. Synthesis ofl7a,21-(l-Ethoxyethylidme(lioxy)-llfi-[4-(NJ^- 
10 dimethylamtno)phmyl]-19-norpreg^a-4,9'diene-3,20-dione (18): 

A solution of the 17a,21-diol (9) (1.0 g, 1.11 nunol), tiiethyl orthoacetate (2 

mL, 10.9 nunol) and pyridinium p-toluenesulfonate (0.1 g, 0.4 mmol) in benzene (50 mL) 

was heated to reflux under nitrogen in a system equipped with a Dean-Stark trap for 

removal of water. After 1 hr of reflux, monitoring by TLC (5% acetone/CHiCk) indicated 

15 a complete reaction. Pyridine (1 mL, 12.4 mmol) was added and the reaction mixture 

concentrated in vacuo unda: a stream of nitrogen at 40-50 "C. The residue was diluted with 
water (approx. 100 mL) and extracted with CH2CI2 (3x). The combined organic extracts 
were washed with H2O (2x) and brine (Ix), filtered through Na2S04 and concentrated in 
vacuo. Purification of the residue via Flash chromatography (3% acetone!/CH2Cl2) followed 

20 by crystallization fi-om ether/pentane gave 0.8 1 g of the intennediate ethoxyethylidenedioxy 
compound (18) as a white amorphous solid in 70% yield. FTIR (KBr, diSiise reflectance) 
Vm<u 2947, 1716, 1660, 1614, 1599 and 1518 cm''. MS(EI)m/z (relative intensity): 519 
(M*. 65). 308 (23), 134(31) and 121 (100). 

NMR (CDCI3) 5 0.33 (s. 3 H, CI8-CH3), 1.13(t, J = 7.5 Hz, 3 H, OGHzOjb), 

25 1.60 (s, 3 H, ethyUdenedioxy CH3), 2.90 (s, 6 H, NMe2). 3.59 (q, J » 7.5 Hz, 2 H, 

OaH2CH3). 4.13 (dd, Ji = 25.8. J2 = 17.4 Hz. 2 H, C2I-CH2), 4.43 (br. d, J = 8.4 Hz, 1 H, 
CI la-CH), 5.80 (s, 1 H, C4-CH=), 6.67 (d, J = 9 Hz, 2 H, 3'. 5' aromatio-CH's) and 7.07 (d, 
J = 9 Hz, 2 H. 2'. 6' aromatic-CH's). Anal. Calcd. for C32H41NO5: C. 73.96: H, 7.95; N, 
2.70. Found: C, 73.70; H. 7.89; N. 2.73. 
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Step 2. Preparation of the target compound (41): 

Under nitrogen, a mixture of the crude ethoxyethylidenedioxy compound 
(18, 0.56 g., 1 . 1 1 mmol), 0.2 M NaOAc (3 mL, 0.3 mmol) in methanol (30 mL) was heated 
to reflux. Monitoring by TLC (5% acetone/CHaClj) indicated a con^lete reaction in 
3.5 hours. The methanol was removed mi vacuo under a stream of nitrogen, the residue 
diluted with water (-50 mL) and extracted with CH2CI2 (3x). The organic fiactions wae 
combined, washed with H2O (2x) and brine (Ix), dried over Na2S04, filtered and 
concentrated in vacuo to give 0.56 g of flie crude 2I-01, 17a-acetate (41) as a foam. 
Purification of this material via flash chromatography (7.5% acetone/CHiCy fi)llowed by 
trituration with ether/pentane gave 0.32 g of the target compound, 21-OH, 17a-acetate as an 
off-white solid in 84% yield; m.p.=205-210''C. The NMR indicated this product 
contains 5.3% of the 17a-0H, 21-OAc (8) isomer as a contaminant. Compound 41 is 
extremely labile to base, rapidly converting to compound 8 under the reverse-phase 
conditions (MeOH/H20/Et3N) nonnally employed for HPLC analysis of related 
compounds. This transesterification occurs at an appreciate rate even when the solvent 
system is buffered at pH 7.0 with phosphoric acid. The purity of the acetate mixture (8 and 
41) was ascertained at >99% by normal phase HPLC analysis (Waters Associates jiPorasU 
SiUca using CH3CN/CH2CI2 (40:60) with a flow rate of 2 mL/min at X = 302 nm). Under 
these conditions, the two acetates have an idratical retration time of 4.69 min. MS (EI) 
m/z (relative intensity): 491 (M^, 45), 431(32), 134 (7) and 121 (100). FITR (KBr, diffuse 
reflectance) v„„ 3362. 2949, 2886, 1730, 1656, 1611, 1597 and 1518 cm-'. NMR (300 
MHz, CDCI3) 5 0.37 (s, 3 H, CI8-CH3). 2. 1 1 (s, 3 H, C17o-OAc), 2.90 (s, 6 H, NMez). 
4.23 (d, J= 17.4, 1 H, C2I-CH2), 4.36 (d, J= 17.4 Hz, 1 H, C2I-CH2), 4.39 (d, J= 6 Hz, 1 
H, CI 1 a-CH), 5.78 (s, 1 H, C4-CH=), 6.63 (d, J = 8.7 Hz, 2 H, 3', 5' aiomatic-CH's), 6.97 
(d, J = 8.7 Hz, 2', 6' aromatic-CH's). The presence of the 17a-0H, 21-OAc isomer (8) to 
the extent of 5.3% could be detected by the appearance of two doublets, one at 4.88 and the 
other at 5.11, both with J = 18.3 Hz. 

EXAMPLES 

This example illustrates the preparation and properties of 17a-acetoxy-21- 

(3'-cyclopentylpn>pionyloxy)-lip-[4-(A?;iV-dimethylamino)phenyl]-19-noipregnadiene- 
3,20-dione (40). 
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Step 1. 1 7a-Hydroxy-21-(i '-cyclopentylpropionyloxy)- nfi-[4-(NJ^' 

dimethylamino)phmylJ-19'norpregna-4,9-diene-3^0-dhne(3^: 

Under nitrogen, a solution of the diol (9. 0.5 g, 1.11 mmol) in dry benzene 

(20 mL) and pyridine (1 mL, 12.4 nnnol) was treated wifli 3-cyclopentylpropionyl chloride 

(0.2 mL, 1 .3 1 mmol). The reaction mixture was stirred at room temperature and monitored 

by TLC (1 0% acetone/CH2Cl2) which indicated about a 50% reaction after 1 hr. Additional 

cypionyl chloride (0.2 mL, 1.31 mmol) was inti-oduced and the reaction was stirred a 

further 1 hr. at room temperature. Analysis by TLC at that time indicated a complete 

reaction. The reaction mixture was concentrated in vacuo under a stream of nitrogen and 

the residue was diluted with water. The mixtitte was ectracted with CH2CI2 (3x). The 

organic fractions were combined, and washed witii H2O (2x), brine (Ix), dried (Na2S04), 

filtered and concentrated in vacuo to give 0.63 g of flie residue as an oil. Purification of this 

material by flash chromatography using 7% acetone/CH2Cl2 gave 0.51 g of the 17o- 

hydroxy 21-cypionate (39) as an oil. Trituration of this material witii ether afforded 0.43 g 

of a pure soUd (39) in 67% yield; m.p. = 137 - 140*C. MS (EI) m/z relative intensity: 573 

(M*, 46), 431 (1 1), 134 (15) and 121 (100). FITR (KBr, diffuse reflectance) v„uu 3509, 

2944, 1726, 1643, 1613 and 1520 cnxK NMR (CDCI3) 8 0.38 (s, 3 H, CI8-CH3), 2.90 (s. 

6 H, NMe2), 4.4 (br d. J = 6 Hz, CI la-CH), 5.03 (dd, J, = 31.5 Hz. J2 = 18 Hz, 2 H, 

C21-CH2-). 5.76 (s. 1 H. C4-CH=), 6.67 (d, J = 9 Hz, 2 H. 3', 5' aromatic-CH's) and 7.07 

(d, J = 9 Hz, 2 H, 2\ & aromatic-CH's). 

Step 2. Preparation of the target compound (40): 

Under nitrogen, trifluoroacetic anhydride (2.0 mL, 14.2 mmol), glacial acetic 
acid (0.8 mL, 13.99 mmol) and dry CH2CI2 (10 mL) were combined and stirred at room 
temperatiire for Vi hr. The mixture was cooled to 0°C in an ice bath and p-toluenesulfonic 
acid monohydrate (1 g, 0.53 mmol) was added to it. A solution of the 17a-hydroxy-21- 
cypionate (39, 0.4 g, 0.7 mmol) in dry CH2CI2 was then intiroduced and the reaction mixture 
stirred at 0°C and monitored by TLC (5% acetone/CHzCb). After 2 hr. at 0»C it became 
apparent that this particular reaction was proceeding at a much slower rate than observed 
for other 1 7a-acetylations. The ice-bath was removed and the reaction was thai stiixcd and 
monitored by TLC at room temperature. After 6 hr. at room temperature, TLC indicated 
-75% conversion. The reaction mixture was then diluted with H2O (10 mL), neutralized 
with concentrated NH4OH solution and extracted with CH2CI2 (3x). The organic fractions 
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were combined, washed with H2O (2x), brine (Ix), filtered through Na2S04 and 
conc^trated in vacuo to give 0.53 g of the residue as an oil. Purification via flash 
chromatography (5% acetone/CHiCh) gave 0.21 g of the pure 17-acetate (40) as a foam. 
This material was dissolved in EtOH (-2 mL) and precipitated as a yellow amorphous sohd 
upon dilution with H2O, sonication and cooling to give 0.21 g of the pure sohd (40) in 28% 
yield: mp. softens at 96°C. MS (EI) m/z (relative intensity): 615 (Nf^, 80), 555 (10), 372 
(18), 134 (14) and 120 (100) FTIR (KBr, diffuse reflectance) v„« 2950, 2868, 1737, 1664, 
1612 and 1519 cm'^ NMR (CDC13) 8 0.43 (s, 3 H, C18-C3I3), 2.11 (s, 3 H, OAc), 2.91 (s, 
6 H, NMe2), 4.42 (br d, J = 6 Hz, Clla-CH), 4.84 (dd, J = 29 Hz, J2 = 17 Hz, 2 H, 2I.CH2- 
OCyp), 5.80 (s, 1 H, C4-CH=), 6.70 (d, J = 9 Hz, 2 H, 3', 5' aromatic-CH's) and 7.07 (d, 
9Hz,2H,2*,6'aromatic-CH's). Anal. Calcd. for C38H49N06 y4C5Hi2: C, 74.38; H, 8.27; 
N, 2.21. Found: C, 74.39; H, 8.28; N, 2.20. 

EXAMPLE 9 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
methoxy-1 lp-(4-A/;^'-Kiimethylaminophenyl)-19-noipre^^ (38). 

Step L 17c^Bromomethyldimethylsilyloj^l7P'(yano-3j3'^thylenedwj^ 
5(10)y9(ll)^diene (29): 

Under nitrogen and anhydrous conditions, a solution of the cyanohydrin 
ketal (1, 35.45 g (104 mmol)), dimethylaminopyridine (6.33 g, 52 mmol) and dry EtsN 
(21.7 mL, 155 mmol) in dry THF (300 mL) was stirred at room temperature overnight. 
After that time, TLC using 2% acetone/CH2Cl2 indicated approximately 95% completion of 
reaction. The mixture was diluted with hexanes (-250 mL), stirred at -10 minutes, filtered 
through Celite and concentrated in vacuo to give the residue (46.38 g) evidenced by TLC to 
consist of a mixture of the e3q)ected product (29) plus DMAP hydrochloride salt. This 
material was purified via silica flash chromatography using ether as eluait to give the silyl 
ether (29, 35.53 g, 69.5%). This material was used directly in the subsequent reaction 
without fiirther purification or characterization. 

Step 2. 17a'Hydroxy-21-bromo-19''norpregna'4,9'dieiie''3,20'dione (30): 

Under nitrogen, a solution of the crude 17a-bromo compound (29, 35.53 g, 
72 mmol) in dry THF (1200 mL) was cooled to -78°C in a dry ice/isopropanol bafli and 
treated dropwise with a 1.5 M solution of lithium diisopropylanaide in cyclohexane 
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(105 mL, 157.5 mmol) over a period of --15 minutes. This mixture was stirred at -TS'^C for 
1 hr. Aqueous HBr (4.45 M, 350 mL, 1.56 mol) was added slowly and the mixture allowed 
to warm to room temperature, and stirred for 30 min. A TLC using 5% acetone/CH2Cl2 
taken at that time indicated an incomplete reaction (3 products). The mixture was then 
stirred agam at room temperature overnight. Analysis by TLC at that time indicated 
formation of 1 major product. The reaction mixture was then cooled in an ice bath, 
carefully neutralized with concentrated NH4OH solution (105 mL) and ratracted with 
EtOAc (3x). The organic fractions were washed with HaO (2x), combined, dried over 
Na2S04 and concentrated in vacuo. Trituration of the solid residue with ether gave the 17a- 
hydroxy-21-bromo compound (30, 17.14 g) in 60.4% yield as an off-white powder. FTIR 
(KBr, diffiise reflectance) v„« 3476, 2948, 1726, 1644, 1598 and 1572 cm\ NMR 
(DMSO-dfi + CDCI3) 5 0.70 (s, 3 H, CI8-CH3), 4.43 (dd Ji = 27 Hz, J2 = 15 Hz, 2 H, 021- 
CUiBt) and 5.60 (s, 1 H, C4-CH=). MS (EI) m/z (relative intensity): 392(Nf , 11), 313 
(100), 159 (77) and 91 (71). 

Step 3. 17a'hydroxy'2J''aceto:q^-19'norpregna'4,9-diene'3,20^^^ (31): 

The 21-bromo-17a-hydroxy compound (30, 6.57 g, 16.7 mmol) was added 
to a 3-neck IL flask which had been purged with nitrogen, equipped with a condmser and a 
magnetic stir bar. Acetone (500 mL) was added, followed by potassium acetate (17.3 g, 
176.2 mmol). The suspension was stirred magnetically and brought to reflux under 
nitrogen. Several minutes after reaching reflux, a solution formed. After Vi hr, the reaction 
was examined by TLC (silica: 5% acetone in CH2CI2). All starting material had been 
converted to the product. The reaction was allowed to cool to room temperature, 
precipitated KBr was removed by filtration, and the solution evaporated in vacuo. The 
crude product (6.63 g) was obtained, taken up in CH2CI2 and washed with H2O (2x), 
followed by brine (Ix). The combined organic extracts were filtered through Na2S04 and 
evaporated in vacuo to obtain 6.41 g of the 21-acetoxy-17a-hydroxy compound (31) in 99% 
yield. FTIR (KBr, diflfiise reflectance) v„;ax 3474, 2946, 1744, 1720, 1645 and 1607 cm"^ 
NMR (CDCI3) 8 0.80 (s, 3 H, CI8-CH3), 2.13 (s, 3 H, C21-OAc),5.0 (dd, 2 H, C21.CH2, 
Ji = 24 Hz, J2 = 9H2) and 5.68 (s, 1 H, C4-CH=). MS (EI) m/z (relative intensity): 372 
(M^, 55), 312 (68), 271(69), 253 (97) and 213 (100). 
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Step 4. 17ai21-Dihydroxy-19-norpregna-4,9-diene-3,20-dione (32): 

A suspension of the 21-acetoxy-17a-hydroxy compound (31, 9.43 g, 
25.32 mmol) in MeOH (800 mL) was deoxygenated by purging with nitrogen for Va hr. A 
similarly deoxygenated 0.5 M solution of KHCO3 (78 mL, 39 mmol) was added to flie 
suspension and the mixture brought to reflux under nitrogen. Almost immediately after 
addition of KHCO3, a solution formed. After 14 hr at reflux, the reaction mixture was 
examined by TLC (silica; 5% isopropanol in CH2a2). The reaction was >95% complete. 
The reaction was allowed to cool to room tranperature, then neutralized by addition of 
2.24 mL (39 mmol) of glacial acetic acid. CH3OH was evaporated in vacuo. The residue 
was taken up in 500 mL of CH2CI2 and washed with H2O (3x). Combined organic extracts 
were dried by filtration tbrough Na2S04, and evj5)orated in vacuo to recover an amorphous 
yeUow material (32, 8.50 g) in 100% yield. This material was readily crystaUized from hot 
acetone (100 mL). The crystals were collected on a Buchner funnel, triturated well with 
ether, and an- dried. It gave 4.82 g of 32 in 57.6% yield. Additional material was obtained 
by chromatography of the mother liquors. FTIR (KBr, diffiise reflectance) v„ua 3517, 2944, 
1714, 1657, 1598 and 1578 cm-\ NMR (CDCI3) 5 0.82 (s, 3 H, CI8-CH3), 4.53 (dd, 2 H, 
C2I-CH2-, Ji = 42 Hz, J2 = 21 Hz), 5.72 (s, 1 H, C4-CH=). MS (EI) m/z (relative 
intensity): 330 (M^, 100), 253 (83). 228 (98), 213 (95) and 91 (91). 

Steps. 3,20-bis-Eatylenedioxy-17ai21-dUtydroxy-19-norpregna-5(10),9(ll)-diene 
(33): 

A quantity of 3.8 g (1 1.5 mmol) of the 17a,21-dihydroxy compound (32, 
200 mg, 1.05 nomol) ofj^toluenesulfonic acid, and 300 mL of ethylene glycol were placed 
in a 500 mL of round bottom fladc equipped with a vacuum distillation head. The mixture 
was heated in an oil bath and the temperature was maintained at 100-105°C. Ethylene 
glycol was distilled in vacuo (5 mm Hg), at a temperature of 75°C. The reaction continued 
for 3 hr. and was allowed to cool to room temperature. Saturated NaHCOs solution was 
added and the mixture extracted with CH2CI2. The organic extract was washed with H2O 
(Ix) and brine (Ix). The organic extracts were dried by filtration through Na2S04 and 
evaporated in vacuo. Crude diketal (6.2 g) was obtained. Examination of this material by 
TLC (silica, 5% isopropanol in CH2CI2) indicated ahnost all starting material had been 
converted to the diketal as a major product with = 0.38, an intennediate product as a 
minor product with Rf = 0.63, or a third material with Rf = 0.63 which increases if the 
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reaction is allowed to go too long. The crude material was crystallized from 30 mL of hot 
CH2CI2. The crystals were collected on a Buchner funnel, triturated well with ether and air 
dried to give 3.01 g of 33 in 62.5% yield. This product was considered suflBciently pure to 
be carried out on the next reaction. Highly pure material was obtained by flash column 
5 chromatography using 5% isopropanol in CH2CI2. FTIR (KBr, difiuse reflectance) v„« 
3418 and 2896 cm'^; no evidence of any absorptions in the CO region. NMR (CDCI3) 5 0.8 
(s, 3 H, CI8-CH3), 3.88 (m, 10 H, C3- and C20 -OCH2CH2O-, C2I-CH2), 4.0 (s, 4 H, C3- 
OCH2CH2O-), 5.58 (br s, 1 H, C11-CH=). MS (EI) m/z (relative intensity): 418 (IVf , 2), 
387(1.4), 297 (3) and 103 (100). 

10 Step 6, 3,20-biS'(Ethylenedioxy)-17a'hydroxy'21''methoxy'19-norpregn^ 

S(10),9(ll)-diene (34): 

To a solution of the 17a,21-dihydroxy diketal (33, 2,0 g, 4.78 mmol) in 
CH2CI2 (250 mL) was added 7.20 g (33.6 mmol) of sohd l,8-bis(dimethylamino)- 
naphthalene ('*proton sponge") followed by 4.97 g (33.6 mmol) of trimethyloxonium 

15 tetrafluoroborate. The heterogeneous mixture was stirred in an ice bath under nitrogen, and 
allowed to come to room temperature as the bath melted. After 2.5 hr., TLC (silica; 5% 
isopropanol in CH2CI2) indicated the reaction was complete. The mixture was transferred 
to a separately fimnel and washed with ice cold IN HQ (250 mL), saturated NaHCOa 
solution and H2O. The combined organic extracts (3x) were dried by filtration through 

20 solid Na2S04 and ev£5)orated in vacuo. Examination by TLC indicated Ihe resulting yellow 
oil was heavily contaminated with a base. The oil was taken up in CH2CI2 (75 mL) and 
stirred vigorously with Dowex 50 x 8-200 (80 mL, dry volume) for 15 minutes. This 
effectively removed all the remaining proton sponge. The mixture was filtered and flie 
Dowex washed well with CHaCh- Methylene chloride was evaporated in vacuo and the 

25 residue dried overnight under high vacuum to give a pale foam, 1 .63 g in 79% yield. This 
material was sufficiently pure to carry on to the next reaction. Highly pure material was 
obtained by flash column chromatography eluting v^th 20% EtOAc in CH2CI2, followed by 
crystaUization from a small amount of methanol with water. FITR (KBr, difEuse 
reflectance) v,nax 3510, 2898, 1720, 1450 and 1370 cm'^ NMR (CDCI3) 8 0.8 (s, 3 H, C18- 

30 CH3), 3.43 (s, 3 H,C21-OCH3), 3.67 (dd, 2 H, C2I-CH2, Ji = 18 Hz, h = 10.5 Hz), 4.0 (s, 
4 H, C3.OCH2CH2O), 4.09 (m, 8 H, C3- and C2O-OCH2CH2O) and 5.58 (br s, 1 H, 
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C11-CH=). MS (EI) m/z (relative intensity): 432 (M^, 1.4), 387 (3), 297 (2.6) and 117 
(100). 

Step 7. 3,20'biS'(Ethylenedioxy)'5a,10a'epoxy'17a-hydroxy-21-metho^^ 
norpregn'9(ll)'ene (35): 

Solid Na2HP04 (0.45 g, 3.14 mmol) and 30% H2O2 (0.84 mL) were added to 
a vigorously stirred solution of hexafluoroacetone trihydrate (1.24 g, 0.79 mL, 5.7 mmol) in 
CH2CI2 (13 mL). The mixture was stirred under nitrogen in an ice bath for J4 hr. A chilled 
solution of the 21-methoxy-17a-hydroxy compound (34, 1.63 g, 3.77 mmol) in CH2CI2 
(13 mL) was added slowly via pipette. The reaction was traosfexred to the cold room and 
allowed to stir oveniight at 4'*C. The next morning, examination by TLC (silica; 25% 
EtOAc in CH2CI2) indicated all starting material had been converted to a mixture of two 
more polar components. Methylene chloride (25 mL) was added and the mixture washed 
with 10% Na2S03 (2x), saturated NaHCOs solution and H2O. The combined organic 
extracts (3x) were dried by filtration through Na2S04, evaporated in vacuo and dried several 
hours under high vacuum to give 1 .86 g of an amorphous solid in quantitative yield, which 
consists of at least, 4 epoxides evidenced by NMR. 

NMR (CDCI3) 6 0.77 (s, 3 H ,C18-CH3), 3.40 (s, 3 H, C2I.OCH3), 3.60 (dd, 
C2I-CH2. Ji = 15 Hz, J2 = 9 Hz), 3.9 (s, C3-OCH2CH2O), 4.0 (m, 03- and C20- 
OCH2CH2O), 5.83 (br s, CI 1-CH= of P-epoxide) and 6.03 (br s, CI l-CH^ of a-epoxide). 

Step 8. 3,20-bisr(Ethylenedioxy)'5ail7a-dihydro>y'lljS-f4-(N^ 
dimethylamino)phenylJ-21-methoxy-19'norpregn-9(W 
A 100 mL round bottom flask was equipped with a magnetic stirrer, a reflux 
condenser and a rubber septum and flame dried under a stream of N2. Magnesium (0.50 g, 
20.7 mmol) was added, followed by a crystal of iodine, dry THF (20 mL) and 1-2 drops of 
dibromoethane. The mixture was heated m a warm H2O bath under N2 for approximately 
Yi hr, but there were no observable change. A solution of 4-bromo-iy;//.dimethylaniline 
(3.77 g, 18.85 mmol) in THF (10 mL) was added via syringe over a period of several 
minutes and rinsed with an additional THF (10 mL). There was evidence of reaction 
immediately as the magnesium turned dark. After stirring for 1 .5 hr., solid copper(I) 
chloride (0.21 g, 2.07 mmol), was added and the reaction mixture stirred another Vi hr. 
Crude epoxide (assumed 3.77 mmol from the previous reaction) was added as a solution in 
THF (5 mL) and rinsed in with an additional THF (5 mL). The reaction was allowed to stir 



wo 01/74840 



44 



PCTAJSOl/08681 



1 hr at room tanperature and flien quenched by the addition of saturated ammonium 
chloride (50 mL). Air was drawn through the mixture with vigorous stirring for H hr. 
Ether was added and the layers allowed to sq)arate. The organic solution was washed with 
10% NH4CI (2x). 2 N NH4OH (3x) and brine (Ix). Organic fractions were combined, dried 
5 over Na2S04, filtered and evaporated in vacuo to obtain 3.37 g of crude material. Analysis 
by TLC (siUca; 20% acetone in CH2CI2) indicated fonnation of a new more polar 
compound. Flash column chromatography (silica; 20% acetone in CH2CI2), yielded 0.890 g 
of the pure product in 63% yield, assuming 66% of the starting material was the desired 5a, 
lOa-epoxide). FTIR (KBr, difiuse reflectance) v„„ 3494, 2936, 1612 and 1518 cm"'. 
10 NMR (CDCb) 5 0.47 (s, 3 H, CI8-CH3), 2.90 (s, 6 H, -N(CH3)2), 3.43 (s, 3 H, C2I-OCH3), 
4.03 (m, 10 H, C3- and C2O-OCH2CH2O- and C2I-CH2), 6.67 (d, 2 H, aromatic-CH's, J = 
9 Hz), and 7.10 (d, 2 H, aromatic-CH's, J = 9 Hz). MS (EI) m/z (relative intensity): 569 
(M*, 4), 551 (11). 506 (4), 134 (27), 121 (49) and 1 17 (100). Anal. Calcd. for C33H47O7N: 
C, 69.57; H, 8.31; N. 2.46. Found: C, 69.40; H,8.19; N,2.53. 

15 St^9. 17o^^Hydr0xy-21-methoxy-llfi-[4-(N^-^eatylamino)pkenylJ'19' 

norpregna-4,9-diene-3,20-dione(37): 

The diketal (36, 1.81 g, 3,18 mmol) was dissolved in THF (20 mL) and the 
solution stirred magnetically at room ten^erature under nitrogen. Trifluoroacetic acid 
(60 mL) was added followed by H2O (20 mL). After 1 hr., the reaction was examined by 

20 TLC (silica; 20% actstone in CH2CI2; neutralized with cone. NH4OH before developing). 
All starting material had been converted to the product. The reaction was neutralized by the 
careful addition of cone. NH4OH (55 mL). Enough additional NH4OH was added to bring 
the pH between 6 and 7. The product was extracted by CH2CI2 (3x). The organic extracts 
were combined, washed with H2O (Ix) and dried by filtration through Na2S04. 

25 Ev^oration in vacuo followed by drying overnight under high vacuum gave 37 as an 

amber glass (1 .42 g, 96.3%). The resulting oil was crystallized by tritiiration witii H2O and 
scratching and sonicating to produce a fine bright yellow powder. FTIR (KBr, diffuse 
reflectance) v„,„ 3408, 2943, 1722, 1663, 1612 and 1518 cm"'. NMR (CDCI3) 6 0.37 (s, 
3 H. CI8-CH3), 2.90 (s, 6 H, -N(CH3)2). 3.43 (s, 3 H, C2I-OCH3), 4.43 (dd, 2 H, C2I-CH2. 

30 J, = 27 Hz, J2 = 18 Hz), 5.77 (s, IH. C4-CH=), 6,65 (d, 2 H, aromatic-CH's, J = 9 Hz) and 
7.03 (d, 2 H, aromatic-CH's, J = 9 Hz). MS (EI) m/z (relative intensity): 463 (bt, 20), 134 
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(21) and 121 (100). Anal. Calcd. for C2jfl3704N-2/3H20: C, 73.23; H, 8.12; N, 2.94. 
Found: C, 73.09; H, 7.88; 2.97. 

Step 10. Preparation of the target compound (38): 

A mixture of CH2CI2 (35 mL), trifluoroacetic anhydride (6.0 mL) and glacial 
acetic acid (2.43 mL) was allowed to stir at room temperature under nitrogen. After Yz hr, 
the mixture was cooled to O^^C in an ice water bath and p-toluenesulfonic acid (350 mg) was 
added. A solution of the 17a-hydroxy-21-methoxy conq)Ound (37, 730 mg, 1.57 mmol) 
was added in CH2CI2 (4 mL) and rinsed in with ai2Cl2 (2x4 mL). After stining 1.5 hr at 
0**C. examination by TLC (silica; 10% acetone in CH2CI2, after neutralization by NH4OH) 
indicated the reaction was > 95% complete. The reaction mixture was diluted with H2O 
(35 mL) and neutralized with concentrated NH4OH. The product was extracted by CH2CI2 
(3x) and brine (Ix), The combined organic extracts were dried by filtration through 
Na2S04 and evaporated in vacuo to give 0.91 g of the crude product. Flash column 
chromatography on silica using 10% acetone in CH2CI2 followed by evaporation in vacuo 
and drying under high vacuum produced 38 as a pure pale yellow foam (0.6 g, 75.8%). 
Treatment with pentane followed by sonicating produced a fine powder: m.p. softens at 
1 16^*0. HPLC analysis on a NovaPak Cig column eluted with 70% CH3OH in H2O with 
0.03% EtaN at a flow rate of 1 mL per min at A, = 302 indicated the product 38 to be 
98,06% pure with a retention time of ta = 5.08 min. FTIR (diffiise reflectance, KBr) v^^ax 
2940, 1734, 1663, 1612, 1518, 1446, 1370, 1235, and 1124 cm'^ NMR (CDCI3) 8 0.38 (s, 
3 H, ClS^CHs), 2.08 (s, 3 H, OAc), 2.90 (s, 6 H, NMez), 3.42 (s, 3 H, C2I.OCH3), 4.20 
(dd, 2 H, C2I-CH2, Ji = 24 Hz, J2 = 15 Hz), 5.80 (s, 1 H, C4<C3a=), 6.67 (d, 2 H, aromatic- 
CH's, J = 9 Hz) and 7.0 (d, 2 H, aromatic-CH's, J = 9 Hz). MS (EI) m/z (relative intensity): 
505 (M^, 75), 445 (1.1), 430 (8%), 372(2.7), 134 (16) and 121 (100). Anal. Calcd. for 
C31H39O5N: C, 73.64; H, 7.77; N, 2.77. Found: C, 73.34; H, 7.74; N, 2.70. 

EXAMPLE 10 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
ethoxy-1 1 P-[4-(iy;iV'-dimethylamino)phenyI]49-norpregna-4,9-diene-3,20 (46). 
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Step 1. 3,20A}i$-^thylenedioxy)-17a'hydroj(y'21'ethoxy-19-nor^^ 
5(10),9(ll)'diene (42): 

To a cold solution of the 17a^l^ydroxy diketal (33, 5.66 g, 13.53 mmol) 
in CH2CI2 (700 mL) in an ice bath under nitrogen was added 20.3 g (94.7 mmol) of solid 
l,8-6w-(dimethylamino)naphthalene ("proton sponge"), followed by triethyloxonium 
tetrafluoroborate (18.0 g, 94.7 mmol). The reaction mixture was allowed to gradually 
warm to room temperature as the ice bath melted. After 1 hr, TLC (silica; 5% isopropanol 
in CH2CI2) indicated the reaction was >95% complete. The reaction was quenched after a 
total time of 2 hr by the addition of H2O. The mixture was transferred to a separatory 
fiinnel and washed with H2O (2x). The combined organic fractions were dried by filtration 
through Na2S04 and evaporated in vacuo. The resulting residue was taken up in EtOAc and 
washed with ice cold 1 N HCl (2x), saturated NaHCOs and H20, Combined organic 
fractions were filtered through Na2S04 and evaporated in vacuo to recover 6.86 g of an oil. 
Purification of this oil by flash column chromatography on silica using 5% acetone in 
CH2CI2 gave 4.37 g of a colorless foam in 72.4% yield: m.p. = softens at 62°C. FTIR (KBr, 
diffiise reflectance) v„« 3485, 2889, 2738, 1440, 1371, 1216, 1120 and 1058 cm"^ 
NMR(300 MHz, CDCI3) 5 0.8 (s, 3 H, CI 8-CH3), 1.22 (t, 3 H, C2I.OCH2CH3, J = 6.9 Hz), 
3.0 (s, 1 H, C17a-0H), 3.46 - 3.82 (m, 4 H, C2I-CH2 and C21-OaF^CH3), 3.98 (s, 4 H, 
C3-OCH2CH2O-), 3.84 . 4.28 (m, 8 H, C3- and C2O-OCH2CH2O), and 5.55 (br s, 1 H, Cll- 
CH=). MS (EI) m/z (relative intensity): 446(M*',2), 400 (0.9), 387 (6.6), 369(2.8), 297 (5.5) 
and 131 (100). 

Step 2, 3,20'biS'(Bthylenedioxy)'5cil0a'epaxy'17a'hydr^ 
norpregn'9(ll)''ene (43): 

To a solution of hexafluoroacetone trihydrate (2.05 mL, 14.7 mmol) in 
CH2CI2 (35 mL), was added solid Na2HP04 (1.17 g, 8.24 mmol) followed by 30% H2O2 
(2.2 mL). The mixture was stured vigorously in an ice bath under nitrogen for y2hr. A 
chilled solution of the 2I.ethoxy-17a-'hydroxy compound (42, 4.37 g, 9.79 mmol) in 
CH2CI2 (35 mL) was added slowly via pipette. The reaction was transferred to the cold 
room and allowed to stir overnight at 4^C. The next morning, examination of the reaction 
mixture by TLC (silica; 5% acetone in CH2CI2) indicated aU of the starting material had 
been converted to two more polar components in approximately a 2: 1 ratio. The reaction 
mixture was transferred to a separatory fimnel and washed with 10% Na2S03 (2x), saturated 
NaHCOa, H2O and brine. The combined organic fractions were filtered through Na2S04 
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and evaporated in vacuo to recover 4.84 g of a colorless foam. Trituration of this crude 
product with Et20 produced a white solid. The solid was collected on a Buchner funnel and 
dried overnight in vacuo to give 1.73 g of white crystals in 38.1% yield. Examination of 
this material by TLC and NMR indicated it was pure 5a,10a-epoxide (43). Purification of 
the mother liquors by flash column chromatography on silica eluting with 7% acetone in 
CH2CI2 gave an additional 0.6 g of 5a,10a-epoxide (43). Total yield of purified 5a,10a- 
epoxide (43) was 2.33 g (51.3%): m.p. == 154 -166°C (dec). FTIR (KBr, diffuse 
reflectance) v^^x 3566, 2934, 2890, 2441, 1375, 1212, 1118, 1064 and 1044 cm \ NMR 
(CDCI3) 5 0.78 (s, 3 H, CI8-CH3), 1.2 (t, 3 H, C21-OCH2CTb, J = 6 Hz), 2.88 (s, 1 H, 
C17a-0H), 3.33 -3.73 (m, 4 H, C2I-CH2 and C21-OCI^CH3), 3.93 (s, 4 H, C3- 
OCH2CH2O-), 3.73 -4.27 (m, 8 H, C3- and C2O-OCH2CH2O), 6.03 (br, s, 1 H, CI 1-CH-). 
MS (BI) m/z (relative intensity): 462 (M*^, 1.1), 403 (8.9), 385 (5.9), 131 (100) and 87 (32). 

Step 3. 3y20A}\S'(Ethylenedioxy)'Sa,17<>dihydroxy-llfi'[4'(^^ 

dimethylamino)phenyl]-21-ethoxy-19-norpregn-9(10)'ene(^^ 

A three-neck round bottom flask (250 mL) was equipped with a magnetic 

stirrer, a condenser, a glass stopper and a rubber septum and flame dried imder a stream of 

nitrogen. Magnesium was added (655 mg, 24.5 mmol), followed by a crystal of iodine, 

25 naL of dry THF, and I -2 drops of dibromoethane. After heating in a warm water bath 

for approximately Vi hr under nitrogen, no observable change occurred. A solution of 4- 

bromo-iV;iV-dimetfaylaniline (4.9 g, 24.5 mmol) in 13 mL of dry THF was added via syringe 

over a period of several minutes and rinsed in with an additional 13 mL of THF. A reaction 

occurred almost immediately as the THF began to reflux and the surface of the magnesium 

turned dark. Approximately 10 min. after the addition of the 4-bromo-iy;JV-dimethylaniline, 

heating was discontinued, but the reaction was allowed to remain in the bath. After stirring 

for 1 .5 hr, copper (I) chloride (267 mg, 2.7 mmol) was added as a solid and stirring 

continued for anoflier 54 hr. The 5a,10a-epoxide (43, 2.27 g, 4.9 mmol) was added via 

syringe as a solution in 6.5 mL of dry THF and rinsed in with 6.5 mL of THF. After 2 hr, 

examination of the reaction mixture by TLC on silica (20% acetone in CH2CI2; quenched 

with saturated NH4CI before developing) indicated all epoxide had been converted to a new 

more polar material. The reaction was quenched by the addition of saturated NH4CI 

(65 mL) and air was drawn through the mixture for Vz hr with vigorous stirring. The 

reaction mixture was transferred to a separatory finmel, ether added, and the layers allowed 
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to separate. The organic fraction was washed with 10% NH4CI (Ix), 2 N NH4OH (Ix) and 
brine (Ix). The combined organic fractions (3x) were filtered through Na2S04 and 
evaporated in vacuo to obtain 5.62 g of crude material. This crude product was purified by 
flash column chromatography on silica. The column was first washed with CH2CI2 to 
remove impurities with high Rf before eluting the product with 20% acetone in CH2CI2. 
Appropriate fractions were combined and ev^orated in vacuo to give a crystallizing oil. 
Crystallization of this material from a miTiiTrmtii amount of hot ether afforded 2.09 g of a 
pale blue powder (44) in 73% yield; m.p, = 199 - 201°C (dec). FTIR (KBr, diffuse . 
reflectance) v„„ 3591, 3529. 3421, 2971, 2882, 1615, 1562, 1519, 1443, 1354, 1190, 1122 
and 1053 cm"'. NMR (CDCI3) 5 0.47 (s, 3 H, CI8-CH3), 1.23 (t, 3 H, C21-OCH2a^, J = 
6 Hz), 2.90 (s, 6 H. -N(CH3)2), 3.43-3.80 (m, 4 H, C2I-CH2 and C2I-OCH2CH3). 3.80 - 
4.33 (m, 9 H, C3- and C2O-OCH2CH2O-, and CI la-CH), 6.67 (d, 2 H, aromatic-CH's, J = 
9 Hz), 7.10 (d, 2 H, aiomatic-CH's, J = 9 Hz). MS (EI) m/z (relative intensity): 538 (M*, 
14), 565(19), 506 (13) and 131(100). Anal. Calcd. for C34H49O7N: C, 69.96; H, 8.46; N, 
2.40. Found: C, 69.78; H, 8.37; N, 2.35. 

Step 4. 17ohHydroxy-21-ethoxy-lJj9-[4'(N,N-dimahylamin0)phenylJ-19- 
norpregna-4,9-diene-3,20-dione (45): 

The dihydroxy diketal (44, 2.0 g, 3.43 mmol) was dissolved in THF (20 mL) 
and stirred magnetically at room temperature under nitrogeo. Trifluoroacetic acid (60 mL) 
was added followed by H2O (20 mL). After 40 min, TLC (20% acetone in CH2CI2, 
neutralized with cone. NfiUOH before developing) indicated the reaction had gone to 
completion. The reaction was allowed to continue another hour before neutralizing by the 
carefiil addition of cone. NH4OH (55 mL). Additional NH4OH was added to bring the pH 
to 6 - 7, CH2CI2 was added, the mixture transferred to a separatory funnel, and the layers 
allowed to separate. The organic phase was washed again with H2O (Ix), and brine (Ix). 
Combined CH2CI2 extracts (3x) were filtered through Na2S04 and evaporated in vacuo to 
give 1 .73 g of an amber foam. Purification by flash column chromatography on silica 
eluting with 20% acetone in CH2CI2 afforded 1 .28 g of pure 45 as a bright yeUow foam in 
78% yield: m.p. = softens at 96°C. FTIR (KBr, diffuse reflectance) v„,ax 3440, 2944, 2880, 
1721, 1658, 1612, 1518, 1443, 1347, 1211 and 1136 cm'^ NMR(CDCl3) 5 0.40 (s, 3 H, 
CI8-CH3), 1.3 (t, 3 H, C21-OCH2CKb, J = 6 Hz), 2.93 (s, 6 H, -N(CH3)2), 3.4-3.8 (m, 3 H, 
C21-OCH2CH3 and C17a-0H), 4.13 - 4.63 (m, 3 H, C2I-CH2 and CI la-CH), 5.80 (s, 1 H, 
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C4-CH=), 6.68 (d, 2 H, aromatic-CH*s, J = 9 Hz), 7.05 (d, 2 H, aroxnatic-CH's, J = 9 Hz). 
MS (EI) m/z (relative intensity): 477 (M^, 42), 280 (14), 134 (26) and 121 (100). Anal. 
Calcd. for C30H39O4N H2O: C, 74.50; H, 8.21; N, 2.90. Found: C, 74.46; H, 8.21; N, 2.93. 

Step 5. Preparation of the target compound (46): 
5 A mixture of trifluoroacetic anhydride (9.77 mL), and glacial acetic acid 

(3.9 mL) in CH2CI2 (50 mL) was allowed to stir Vi hr under nitrogen at room temperature. 
The mixture was cooled to 0°C in an ice bath and toluenesulfonic acid monohydrate 
(0.57 g, 3 mmol) was added. A solution of the 17a-hydroxy-21-ethoxy compound (45, 
1.22 g, 2.55 mmol) in CH2CI2 (10 mL) was added to the above mixture, and then rinsed in 
1 0 with 1 0 mL of CH2CI2. After stiiring 2 hr at 0°C, the reaction was examined by TLC 

(silica; 10% acetone in CH2CI2, neutralized with cone. NH4OH before developing) and was 
found to be >95% complete. The reaction mixture was diluted with H2O (50 mL) and 
neutralized by the careful addition of cone. NH4OH. More CH2CI2 and H2O were added, 
the mixture was transferred to a separatory funnel, and the layers allowed to separate. The 
1 5 organic fraction was washed again with H2O and brine. Combmed CH2CI2 extracts (3x) 
were filtered through Na2S04 and evaporated in vacuo to give 1.35 g of an amber foam. 
This crude product was purified twice by flash column chromatography on sihca eluting 
with 8% acetone in CH2CI2. Appropriate fractions wore combined, evaporated in vacuo, 
chased with ether to obtain 0.81 g of a foam. Treatment wiflipentane produced apale 

20 yellow powder. The powder was dried overnight in vacuo at 58°C to remove all traces of 
solvent. Total yield of pure 46 was 491 mg in 37%; m.p. = softens at 104''C. HPLC 
analysis on Phenomenex Prodigy 5 ODS-2 column (150 x 4.6 rmn) eluted with 30% H2O 
with 0.03% triethylammonium phosphate (pH 7.0) in CH3OH at a flow rate of 1 mL per 
min at A. = 302 indicated the product 46 to be 98.76% pure with a retention time (ta) of 

25 16.64 min. FTIR (KBR, dififiise reflectance) v^^x 2945, 2890, 1734, 1663, 1612, 1562, 
1518, 1446, 1368 and 1235 cm \ NMR (CDCI3) 5 0.43 (s, 3 H, CI8-CH3), 1.28 (t, 3 H, 
C2I-OCH2CH3, J = 6 Hz), 2.15 (s, 3 H, C17a-0Ac), 2.95 (s, 6 H, -N(CH3)2), 3.63 (q, 2 H, 
C2I-OCH2CH3, J = 6 Hz), 4.03 -4.60 (m, 3 H, C2I-CH2 and Clla-CH), 5.87 (s, 1 H, 
C4.CH-), 6.72 (d, 2 H, aromatic-CH's, J = 9 Hz) and 7.08 (d, 2 H, aromatic-CH's, J = 9 

30 Hz). MS (EI) m/z (relative intensity): 519 (M^, 34), 459 (4.5), 372 (7.4), 134 (18) and 121 
(100). Anal. Calcd. for C32H41O5N: C, 73.95; H, 7.96; N, 2.70. Found: C, 73.84; H, 8.20; 
N, 2.65. 
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EXAMPLE 11 

This example illustrates the preparation and properties of 17a,21-diacetoxy- 
llP-[4-(iV;iV'-dimethylaInino)phenyl]-19-no^p^egna■4,^ 3«oxime as a 
mixture of syn and anri-isomers (47): 

A solution of the diacetate (15, 0.5 g, 0.937 mmol) and hydroxylamine 
hydrochloride (0.651 g, 937 mmol) in absolute ethanol (25 mL) was stirred at room 
temperature under nitrogen. After 2.5 hr, TLC (10% acetone in CH2CI2) indicated a 
complete reaction. The reaction mixture was diluted with H2O (200 mL), adjusted to a pH 
7 with saturated NaHCOa solution, and extracted with CH2CI2 (3x). The organic fractions 
were washed with H2O (2 x) and brine (1 x), combined, dried (Na2S04), filtered and 
concentrated in vacuo to give 0.56 g of residue as a foam. Purification by flash 
chromatography (5% acetone/CH2Cl2) followed by precipitation from ether solution with 
pentane gave 0.3 g of the oxime (47) in 58% as an oflf-white amorphous powder. Analysis 
by HPLC on a NovaPak Cis column eluted with CH3CN:H20;Et3N 45:55; 0.033 at a flow 
rate of 2 mL per min at X = 274 mn indicated approximately 98% purity consisting of a 
32:68 mixture of the syn- and anti-isomGTS, Analysis by 'NMBi indicated a syn : anti ratio of 
43: 57: m,p. = sinters at 151 ^C, and flien decomposes. FTDR (KBr, diffuse reflectance) v^ax 
2946, 1737. 1612 and 1518 cm"\ NMR(CDCl3) 5 0.40 (s, 3 H, CI8-CH3), 3.93 (s, 6H, 
NMe2), 4.40 (br. s, 1 H, CI la-CH), 4.87 (dd, Ji = 29.7 Hz, Jj = 18 Hz, 2 H, C2I-CH2OAC), 
5.97 (s, 0.57 H, C4-CH= for a/i/z-isomer), 6.63 (s, 0.43 H, C4-CH= for jj;»-isomer), 6.70 (d, 
2 H, J = 9 Hz, 3", 5' aromatic-CH's) and 7.10 (d, 2 H, J = 9 Hz, 1\ G aromatic-CH's). MS 
(EI) m/z (relative intensity): 549((M+H)^ 63) and 275 (100). 

EXAMPLE 12 

This example illustrates the preparation and properties of 17a-acetoxy-21- 
methoxy-1 ip-[4.(Ar//.(iimethylamino)phenyl]49-noTpre^^ 3-oxime 
as a mixture of syn and a»/z-isomers (48): 

A solution of the 21-mefhoxy compound (38, 0.1 g, 0.2 mmol) and 
hydroxylamine hydrochloride (0.139 g, 2 mmol) in absolute ethanol (5 mL) was stirred at 
room temperature under nitrogen. After 1 hr, TLC (10% acetone in CH2CI2) indicated a 
complete reaction. The reaction itnixture was diluted with H2O, adjusted to a pH of 7 with 
saturated NaHCOa solution, and extracted with CH2CI2 (3 x). The organic fractions were 
washed with H2O (2 x) and brine (1 x), combined, dried over Na2S04 filtered and 
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concentrated in vacuo to give the crude product as a foam. This material was combined 
with 0. 12 g additional crude product in a previoxis batch and the total amount (0.21 g) was 
purified by flash chromatogr^hy (15% acetone/CH2Cl2) followed by trituration with 
pentane to give 0.12 g of the oxime (48) in 58% yield as a white amorphous powder. 
5 Analysis by HPLC on a NovaPak Cig column eluted with MeOH:H20:Et3N 65:35:0.0033 at 
a flow rate of 1 mL/min at X = 276 nm indicated approximately 97% purity of a mixture of 
the syn- and antiAsomers. The retention times of the two isomers were too close together 
(tR = 8.8 and 9.2 min) to give an accurate integration ratio. Analysis by NMR indicated a 
syn:anti ratio of 26:74; m.p. = sinters at 142°C and melts at 146-162*'C. FTIR (KBr, 

10 diffuse reflectance) 2938, 1733, 1613 and 1517 cm"^ NMR (300 MHZ, CDCI3) 5 0.36 
(s, 3 H, CI8-CH3), 2.10 (s, 3 H, 17a-0Ac), 2.89 (s, 6 H, NMe2), 3.41 (s, 3 H, OCH3), 4.10 
(d, 1 H, C2I-CH2, J = 16.8 Hz), 4.30 (m, 2 H, 1 la-H plus 2I-CH2), 5.88 (s, 0.74 H, 
C4-CH= for antzAsomer), 6.53 (s, 0.26 H, C4-CH= for jyw-isomer), 6.62 (d, 2H, 3\ 5' 
aromatic-CH's), J = 8.7 (Hz) and 6.99 (d, 2 H, 2\ & aromatic-CH's, J = 8.7 Hz). MS (EI) 

15 m/z (relative intensity): 521 (Ivf, 100) and 261 (67). 

EXAMPLE 13 

This example illustrates the preparation and properties of 17a-formyloxy- 
llp-[4-(N,N-dimethylanimo)phenyl]-19-norpregna-4,9-diene-33-dione (69A) (Figure 4). 
1 7a-Hydroxy- 1 1 P-[4-(N,N-dimethylamino)phenyl]- 1 9-noipregna-4,9-diene-3 ,20-dione (61 , 

20 140 mg, 0.323 nmiol) was dissolved in 96% formic acid (2.44 g, 50.9 mmol) in an argon 
atmosphere and cooled to 0°C in an ice bath (Oliveto, E.P., et ah, J, Am, Chem. Soc. , 
77:3564-3567 (1955)), P2O5 (500 mg, 1.76 mmol) was added as a solid and after stiiring 
five minutes, the reaction mixture was allowed to warm to room temperature. After 1 .5 hr, 
saturated NaHCOs was added carefiilly to neutralize the mixture. The mixture was 

25 extracted with EtOAc (3x) and washed with H2O and brine and dried over Na2S04. 

Another similar reaction was run starting with 500 mg (1.15 mmol) of the 17a-hydroxy 
compound (61). Two products from the above two reactions were combined and 
chromatographed on dry column silica gel using CH2Cl2:CH3C(0)CH3 (9:1) to afford the 
cmde product as a yellow foam (69A) , which was indicated by HPLC to be 97% pure. This 

30 material was rechromatographed using the same solvent system to give 1 85 mg of the good 
product (69A) as an amorphous off-white solid. Analysis by HPLC indicated 98.8% purity. 
The yield was 28%; and m.p. = softens at 1 15*'C. FTIR (KBr, difiRise reflectance) v,nax 
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2941, 1722, 1664, 1611 and 1518 cm \ NMRCCDCU): 8 0.38 (s, 3 H, C18-Me), 2.13 (s, 
3 H, C21.Me), 2.91 (s, 6 H, N(CH3)2), 4.44 (d, 1 H, Clla-CH), 5.8 (br s, 1 H, C4-CH=), 
6.68 and 7.06 (dd, 4 H, aromatic-CH's) and 8.11 (br s, 1 H, C17a-HC=0). MS (ET) xn/z 
(relative intensity): 461(M^, 36.2), 400 (2.1), 134 (15.4), 121(100), and 91 (3.0). Anal. 
5 Calcd. for C29H35NO4 I/4H2O: C, 74.73; H, 7.68; N, 3.01. Found: C,74.64; H, 7.65; N, 
3.05. 



EXAMPLE 14 

This example illustrates the preparation and properties of 17a-Propionoxy- 
1 iP-[4-(N,N-dimethylamino)phenyl]-19-noipregna-4,9-diene-3,20-^ (69C) (Figure 4). 

10 Trifluoroacetic anhydride (0.48 g, 4.29 nunol) and propionic acid (0.61 g, 4.29 mmol) were 
added to benzene, and p-toluenesulfonic acid monohydrate (0.186 g, 1.31 mmol) as a solid 
was added to the mixture. The mixture was stirred at room temperature for i4 hr. The 17a- 
hydroxy steroid (61, 581 mg, 1.34 mmol) was dissolved in benzene and added to the above 
mixture. The mixture was stirred at room temperature for 6 hr. The mixture was poured 

1 5 into ice cold sodium NaHCOs solution and extracted with EtOAc. The EtOAc extracts 
were washed with H2O, brine and dried over Na2S04, and evaporated in vacuo. The 
product obtained was purified by flash column chromatography using EtOAc: hexane (4:6) 
as solvent. The product was crystalUzed fi-om isopropanol to give 145 mg of crude 69C as 
white crystals. In checking this material by reverse phase HPLC, it was found that an 

20 impurity was present which could not be separated from the desired product by 

chromatography on silica gel. The mother Uquor was concentrated in vacuo, and the ester 
was purified by chromatography on an ODS-3 10/50 Whatman column using MeOH:H20 
(9:1) as a solvent and monitoring the separation using a Waters Model 481 variable 
wavelength detector at 365 nm and at a flow rate of 9 mUmin Fractions were collected 

25 and similar fractions were combined. Good material from the above two was combined and 
* recrystallized from isopropanol to give 299 mg of 69C as white crystals in 80% yield; 
m.p. = 125-126'^C. Fim (KBr, diffuse reflectance): v^ax 2946, 2882, 1730, 1662,1610, 
1596 and 1516 cm \ NMR(CDCl3): 5 0.363 (s, 3 H, C18-Me), 2.086 (s, 3 H, C21-Me), 
2.905 (s, 6 H, -NMez), 4.386 (d, 1 H, CUa-CH), 5.775 (s, 1 H, C4-CH=), 6.634 and 6.979 

30 (d, 4 H, aromatic-CH*s). MS (EI) m/z (relative intensity): 489 (M^, 42.2), 400 (6.5), 372 
(6.7), 134(20.2), 121 (100), and 57 (11.7). Anal. Calcd for C31H39NO4/2C3H8O: C, 
75.14; H, 8.29; N, 2.70. Found: C,75.03; H,8.43; N, 2.83. 
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EXAMPLE 15 

This example illustrates the preparation and properties of 1 7a- 
HeptanoyIoxy-np-[4-(N,NKlimethyIamino)phenylJ-19-noipregna^^ 
(69D) (Figure 4). The above procedure was followed using heptanoic acid (0.56 g, 
4.29 mmol) instead of propionic acid on the 17a-hydroxy compound (61, 581 mg , 
1.34 mmol). The reaction was run at room temperature for 17 hr. After workup, the crude 
product was purified by flash chromatography using EtOAcihexane (4:6). The slightly 
impure product was chromatographed on an ODS-3 10/50 column using CH3OH at a flow 
rate of 9 mL per min, monitored at 365 nm. T his afforded 335 mg of an oil (69D) in 
48.5% jdeld. This oil was soUdified on standing at room temperature as an off-white solid; 
m.p. = softens at 68°C. FnR(KBr, difuse reflectance): Vnm 2943, 1731, 1664, 1612 and 
1518 cm'^ NIVdR(CDCl3): 8 0.36 (s, 3 H, CI8-CH3), 2.1 (s, 3 H, C2I-CH3), 2.93 (s, 6 H, 
N(CH3)2), 4.44 (br d, 1 H, CI la-CH), 5.82 (br s, 1 H, C4-CH=), 6.68 and 7.04(d, 4 H, 
aromatic-CH's). MS (EI) m/z (relative intensity): 545 (M*, 37.4), 400 (7.7), 372 (7.4), 134 
(18.6) and 121(100). Anal. Calcd. for C35H47N04-Vi H2O: C, 75.81; H, 8.66; N, 2.53. 
Found: C,75.89;H, 8.55; N, 2,71. 

EXAMPLE 16 

This example illustrates the preparation and properties of 17a- 
Methoxymethyl-lip-[4-(N,N-dimethylamino)phenyl]-19-norpregna-4,9-di^^^ 
(91) (Figure 5). 

Step 1. 3'Methoxy-19'norpregna'lj3,S(10),17(20)'tetraene (78): 

Sodium hydride (50% in mineral oil, 14.72 g, 306.6 mmol) was weighed into 
a dry 3-neck flask and the oil was removed by washing with dry pentane (3x). The residual 
pentane was removed under a stream of nitrogen. DMSO (255 mL) freshly distilled from 
CaH2 was added. The mixture was stirred and heated at 60-65''C until gas evolution had 
ceased and the mixture was homogeneous. The dimsyl anion solution was cooled to room 
temperature and a solution of ethyl triphenylphosphonium iodide (135.0 g, 306.6 mmol) in 
DMSO (510 mL) was added to give a brick-red solution of the ylide. A solution of estrone 
methyl ether (77, 19.5 g, 68.6 mmol) in benzene (freshly distilled from sodium, 390 mL) 
was added to the DMSO solution and the mixture was stirred at 60°C for 18 hr. The 
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solution was cooled to room temperature and poured into iceAvater (1000 ml) The 
aqueous mixture was extracted with hexanes (3x). The hexane extracts were washed with 
H2O (3x) and brine (Ix). The combined hexane extracts were dried over Na2S04 and 
Gvapovation of the solvent gave 19.17 g of an oily material. This material was dissolved in 
petroleum ether and percolated through a column of neutral alumina Evaporation of the 
solvent gave a solid (78). The material was ciystallized from meflianol/ether to afford 
10.95 g of 78 in 54% yield as a white crystalline solid; m.p. = 70-75'*C (Lit m.p. = 76.5- 
77.5''C: Kribner, etaiy J, Org, Chem., 31:24-26 (1966)). Elution of the alumina column 
with EtOAc allowed for the recovery of 8.0 g of 77. NMR (CDCI3): 5 0.9 (s, 3 H, C18- 
CH3), 1.70 (d, J = 6 Hz, C2I-CH3), 3.80 (s, 3 H, C3-OCH3), 5.2 (m, 1 H, C20-CH=), 6.8 
(m, 2 H. 2',4'-aromatic-CH's). and 7.27 (d, 1 H, J = 8 Hz, r-aromatic-CH). 

Step 2. 3'Methoxy'19'norpregna'l,3,5(10),16'tetraene'20'^ne (79). 

A fine stream of oxygen was bubbled through a solution of the 17-ethylidene 
compound (78, 4.0 g, 13.5 nmiol) in pyridine (100 mL) containing hematopoiphyrine 
(80 mg, 1 mol%) for 16 hr while being illuminated with six 15 watt fluorescent lights. 
Acetic anhydride (20 mL) was added to the pyridine solution and the mixture was stirred 
for 2.5 hr. The mixture was poured into cold H2O and extracted with CH2Cl2(3x). The 
metylene chloride extracts were sequentially washed with 5.0 N HCI (3x), H2O (Ix), 
saturated NaHCOa (Ix) and brine (Ix). The combined methylene chloride extracts were 
dried over Na2S04 and evaporation of the solvent gave a black soUd. The material was 
dissolved in hot EtOAc, treated with charcoal, and filtered through Celite. Evaporation of 
the solvent gave 4. 1 5 g of a yellow soUd. Crystallization of this yellow solid from EtOAc 
afforded 2.45 g of 79 in 58.5% yield; m.p. = 182 -185^C (Lit m.p. = 186-188*^0: Kribner, 
etai.J. Org. Chem., 34:3502-3505 (1969)). 

Step 5. 3-Methoxy-19''norpregna'ly3,5(10)-trien-20'One (80): 

A solution of the enone (79, 4.0 g, 12.89 mmol) in benzene (160 mL) 
containing 10% Pd/C (400 mg, 3 mol%) was hydrogenated at atmospheric pressure. The 
reaction was allowed to stir for 16 hr. The mixture was filtered through Celite under 
nitrogen. Evaporation of the solvent gave 3.96 g of the 20-ketone (80) (Kribner, at al, J, 
Org, Chem., 34:3502-3505 (1969)) as a light yellow soUd in 98% yield. NMR (CDCI3): 
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5 0.63 (s, 3 H, CI8-CH3), 2.15 (s, 3 H, C2I-CH3), 3.80 (s, 3 H, C3-OCH3), 6.70 (m, 2 H, 1\ 
4* aromatic-CH's) and 7.2 (d, 2 H, J = 8 Hz, r aromatic-CH). 

Step 4, 3-Methoxy'20'^ceioxy'19-norpregna-l,3,5(10)J7(20)-tet^^ (81): 
A mixture of the 20-ketone (80, 3.0 g, 9.60 mmol) and p-toluenesulfonic 
acid (1.13 g, 5.94 mmol) in acetic anhydride (200 mL) was heated at 150°C in an oil bath 
while the solvent was slowly distilled through a short path column (Temp. Head =130- 
134°C) over 5 hr. The remaining solvent was removed at reduced pressure. The residue 
was partitioned between cold ether and cold saturated NaHCOa solution. The layers were 
sqjarated and the aqueous layer was extracted with Et20 (2x). The Et20 layers were 
washed with H2O, brine, combined and dried over sodium sulfate. Evaporation of the 
solvent gave 3.67 g of the end acetate (81) (Krubiner, A.M. et al, J. Org, Chem., 54:3502- 
3505 (1969)), a stable yellow foam. This product was purified via flash chromatography 
eluting with 20% EtOAc/hexane to afford 1.78 g of 81 in 52% yield as a mixture of £ and Z 
isomers. NMR (CDCI3): 5 0.87 and 0.92 (s, CI8-CH3), 1.80 (br s, 3 H, C2I-CH3), 2.13 (s, 
3 H, C21-OCOaH3), 6.80 (m, 2 H, 1\ 4' aromatic-CH's) and 7.20 (d, J = 8 Hz, 1 H, 1' 
aromatic-CH). MS (EI) m/z (relative intensity): 354 (M*), 312, 297(100), 173, 147 and 
123. 

Step 5. 3-Methoxy'17a'nwthoxyntethyl-19-norpregna-l,3,S(l^^^ 

(82): 

A solution of the enol-acetate (81, 1.7 g, 4.8 mmol) in ether (70 mL) was 
added dropwise over Yi hr to a cold (0°C) ether solution of mefliyl lithium (8.3 mL of a 
1.3 M solution, 10.8 mmol). After Vi hr, a sodium bicarbonate-quenched aliquot showed 
very littie enol-acetate remaining. Bromomethyl methyl ether (7.2 mL of a 2.0 M/eflier 
solution, 14.4 mmol) was added to the above lithium enolate solutioa The mixture was 
stirred at 0°C for {4 hr, tiien allowed to warm to room temperature over 1 hr. The mixture 
was poured into ice/water and extracted with EtiO. The ether layers were washed with H2O 
and brine, combined and dried over anhydrous Na2S04. Evaporation of the solvent gave 
1.78 g of 82. The product was isolated by flash chromatography eluted with 17.5% 
BtOAc/hexane to afford 600 mg of 82 as a yellow foam in 35% yield. NMR (300 MHz, 
CDCI3): 5 0.672 (s, 3 H, CI8-CH3), 2.171 (s, 3 H, C2I-CH3), 3.310 (s, 3 H, 17a- 
CH2OCH3), 3.40 and 3.90 (d, 2 H, J = 8.4 Hz, Ha-OijOCHa), 3.761 (s, 3 H, C3-OCH3), 
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6.82 (m, 2 H, 1\ 4' aromatic-CH's), and 7.20 (d, 1 H, J - 8 Hz, 1' aromatic-CH). MS (EI) 
m/z (relative intensity): 356 111 (100), 173, 147 and 115. 

Step 6. 3-Methoj^'17a'metho}Q^methyl'19'norpregna'l,3,5(10)'tr^ (83): 
A solution of the 20 ketone (M, 600 mg, 1.68 mmol) in THF/EtOH was 
5 treated with NaBHi (135 mg, 3.5 mmol) dissolved in cold H2O (3 mL). The mixture was 
stirred at 50°C for 5 hr. The mixture was chilled in an ice bath and excess NaBHU was 
destroyed with the cautious addition of acetic acid. The mixture was diluted with H2O and 
extracted with CH2CI2. The CH2CI2 extracts were washed with H2O and brine, combined 
and dried over Na2S04. Evaporation of the solvent gave 580 mg of 83 as a mixture of 20a- 
10 (minor) and 20p- (major) epimers as a light yellow oil. Flash chromatography eluting with 
2% acetone/CH2Cl2 of a small sample allowed for the isolation of the 20a-epimer with Rf = 
0.35 and the 20p-epimer with Rf = 0.50. Their assignments were based on 300 MHz NMR 
analysis. NMR (CDCI3) for 20a-OH: 8 0.797 (s, 3 H, CI8-CH3), 1.254 (d, 3 H, J = 6.3 Hz, 
C2I-CH3), 3.376 (s, 3 H, C17a-CH20a^), 3.435 and 3.875 (d, 2 H, J = 8.7 Hz, C17a- 
15 CH2OCH3), 3.769 (s, 3 H, C3.OCH3), 6.85 (m, 2 H, 2\ 4' aromatic-CH' s), and 7.165 (d, 

1 H, J = 8.4 Hz, V aromatic-CH). NMR (CDCI3) for 20P-OH: 5 0.998 (s, 3 H, CI8-CH3), 
1.218 (d, 3 H, J - 6.3 Hz, C2I-CH3), 3.311 (s, 3 H, C17a-CH20CI^), 3.371 and 3.612 (d, 

2 H, J = 8.7 Hz, C17a-CH2 OCH3), 3.755 (s, 3 H, C3-OCH3), 6.85 (m, 2 H, 2\ 4' aromatic- 
CH's) 7.165 (d, 1 H, J =8.4 Hz, 1' aromatic-CH). MS (BI) m/z (relative intensity): 358 

20 (M^, 282, 227, 174 (100) and 147. 

Step 7. 3-Methoxy-17a^methoxyntethyl-19'norpregna'2,S(10)-dien-20^^ 

A solution of the 20-alcohol (83, 760 mg, 2. 12 mmol) in THF/t-BuOH (1:1, 
50 mL) was added to redistilled ammonia (50 mL). While stirring vigorously, lithium 
metal (294 mg, 42.2 mmol), cut into small pieces, was added. Within 2 min, the mixture 

25 turned blue and was stirred at ammonia reflux (-35'^C) for 5 hr. The reaction was quenched 
through the addition of methanol (15 mL). The ammonia was evaporated under a stream of 
nitrogen. The residue was diluted with H2O and extracted with CH2CI2. The CH2CI2 
extracts were washed with H2O and brine, combined and dried over Na2S04. Evaporation 
of the solvent gave 874 mg of 84 (14.4% over theoretical yield) as a stable yellow foam. 

30 This 1 ,4-dihydro derivative (84) was used without further purification in the next reaction. 
NMR (CDCI3): 5 1.0 (s, 3 H, CI8.CH3), 1.20 (d, 3 H, J = 6.3 Hz, C2I.CH3), 3.3 (s, 3 H, 
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CUa-CHzOCthX 3.56 (s, 3 H, C3-OCH3) and 4.67 (br, m, 1 H, C2-CH=). FTIR (KBr, 
duffuse reflectance) Vmax 1666 and 1694 cm'\ 

Step 8. 17a''MeihoxymethyU19-norpregna'S(10)'en-3'On'20-ol (8^: 

A solution of the 1,4-dihydro derivative (84, 710 mg, 1 .97 mmol) in acetic 
5 acid, THF, H2O (3:1:1, 50 mL) was stirred at 40-45°C. Within 45 niiQutes,TLC analysis 
indicated complete consumption of the starting material. The solvent was removed in 
vacuo and the residue was taken up in H2O and the aqueous mixture was extracted with 
CH2CI2. The CH2CI2 extracts were washed with H2O and brine, combined and dried over 
Na2S04. Evaporation of the solvent afforded 684 mg of 85 in 96% yield as a stable light 
10 yellow foam. NMR (CDCI3): 5 1.0 (s, 3 H, CI8-CH3), 1.21 (d, 3 H, J = 6.3 Hz, C2I-CH3), 
3.31 (s, 3 H, Cna-CHaOOfib), 3.35 and 3.72 (d, 2 H, J = 8,4 Hz, Cna-OfcOCHa). 

Step 9. 17a''Methoxymethyl-19-norpregna-4,9-dien'3-on-20^l(86): 

A solution of 85 (584 mg, 1.69 mmol) in pyridine (2.5 mL) was added to a 
pyridine (5.2 mL) solution of pyridinium bromide perbromide (594 mg, 1.86 mmol) pre- 
15 heated to 80°C. The mixture was heated at 80-90*^C for 1 hr. The mixture was poured into 
cold 2.5 N HCl (50 mL). The aqueous mixture was extracted with EtOAc, 

The EtOAc extracts were washed with 2.5 N HCl (50 mL), saturated 
NaHCOa solution and brine. The combined EtOAc extracts were dried over Na2S04. 
Evaporation of the solvent gave 540 mg of 86 as a yellow foam in 92.2% yield. The 
20 material was used without further purification in the following reaction. NMR (CDCI3): 5 
3.33 (s, 3 H, Cna-CHaOO^b), 5.67 (br s, 1 H, C4.CH=). 

Step 10. 17a'Methoxymethyl'19-norpregna-4,9'^iene'3,20'^ione (87): 

A solution of the mixture of 20a and 20p-ol (86, 540 mg, 1.57 mmol) in 
acetone (15 mL) was chilled in an ice bath and treated dropwise with Jones reagent imtil the 
25 orange color of Cr^ persisted. The mixture was stirred at 0°C for 10 min, then the excess 
Cr^ was destroyed with the addition of 2-propanol until the green color of Cr^ persisted. 
The mixture was diluted with H2O and the aqueous mixture was extracted with EtOAc. 
The EtOAc extracts were washed with H2O and brine, combined and dried over Na2S04. 
Evaporation of the solvent gave 540 mg of a stable foam. Flash chromatography, eluting 
30 with 5% acetone/CH2Cl2, gave 202 mg of the 3,20-diketone (87) in 37.6% yield as a stable 
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yeUow foam. >jMR (CDCI3): 5 0.83(s, 3 H, CI8-CH3), 2.19(s, 3 H, C2I-CH3), 3.30 (s, 
3 H, C17a.CH20a^), 3.36 and 3.85 (d, 2 H, J = 8.7 Hz, ClTa-CHjOCHs), and 5.72 (br s, 
1 H, C4-CH=), FTIR(KBr, dif&se reflectance) v«« 1703, 1662 and 1605 cm"^ 

Step 11. 3,3'Ethyknedwxy'17a'methoxymethyl'19'norpregna'5(10)^^^ 
20-one (88): 

A solution of the 3,20-diketone (87, 202 mg, 0.59 mmol) in CH2CI2 (16 mL) 
was treated with triethyl-orthofonnate (123 jiL, 0.74 mmol), ethylene glycol (81 .4 \xL, 
1.46 mmol) and p-toluenesulfonic acid (ca, 1.0 mg). The mixture was stirred for 114 hr, 
chilled in an ice bath, and diluted with saturated NaHCOa. The aqueous mixture was 
extracted with CH2CI2. The CH2CI2 extracts were washed with H2O and brine, combined, 
and dried over Na2S04. Ev^oration of the solvent gave 219 mg of the ketal (88) as a 
yellow foam in 96% yield. NMR (CDCI3): 5 0.63 (s, 3 H, CI8-CH3), 2.17 (s, 3 H, C21- 
CH3), 3.30 (s, 3 H, C17a"CH20ai3), 3.37 and 3.82 (d, 2 H, J = 8.7 Hz, Cna-CHgOCHa), 
4.0 (s, 4 H, C3-OCH2CH2O-), and 5.57 (brm, 1 H, C11-CH-). 

Step 12. 3^-Ethyknedioxy'Sa40a-epoxy-17a-meihoxymethyl-19-norpre^ 
9(ll)'en'20'One(89): 

A mixture of hexafluoroacetone trihydrate (148.44 mg, 0.67 mmol), 30% 
hydrogen peroxide (76 pL, 0.67 mmol) and disodium hydrogen phosphate (52.5 mg, 
0.37 mmol) in CH2CI2 (2.0 mL) was stirred at 0°C for Vi hr. A solution of the ketal (88, 
200 mg, 0.52 mmol) in CH2CI2 was added to the above mixture and the mixture was stirred 
at 4''C for 18 hr. The mixture was diluted with a 10% sodium sulfite solution and was 
extracted with CH2CI2. The CH2CI2 extracts were washed with H2O and brine, combined 
and dried over Na2S04. Evaporation of the solvent gave 200 mg of the epoxide (89) as a 
mixture of 5a,10a- and 5p,10P-epoxides as ayellow foam in 95.5% yield. NMR (CDCla): 
5 0.67 (s, 3 H, CI8-CH3), 2.17 (s, 3 H, C2I-CH3), 3.33 (s, 3 H, Cna-CHzOCHs), 3.94 (br 
s, 4 H, C3-OCH2-CI^O.), 5.85 (br m, CI 1-CH= of 5p,10p.epoxide), and 6.05 (br m, CI 1- 
CH= of 5a,10a-epoxide). 

Step 13. 3-Etltylenedwxy-5a'hydroxy-llM4-(N^'^imethylam^ 
methoxymethylrl9-norpregn'9-en''20^ne (90): 

Magnesium (604.6 mg, 24.88 mmol) was added to an oven-dried flask while 
hot. Under an atmosphere of nitrogen, a single crystal of iodine was added and the 
magnesium was agitated to evenly coat the magnesium. After cooling to room temperature. 
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one drop of dibromoethane was added, followed by the addition of THF (10 mL). While 
the mixture was rapidly stirred, a solution of 4-bronio-N,N-dimethylaniline (2.1 g, 
10.5 mmol) in THF (10 mL) was added slowly. During the addition, the mixture was 
wanned to 50-60*^C, Within 15 min, the iodine color quenched and the mixture maintained 
5 reflux without external heating. The reaction mixture was stirred for VAhi and allowed to 
cool to room temperature. Copper (I) chloride (249.5 mg, 2.52 mmol) was added and the 
mixture was stirred for 54 hr. From the above mixture, 2.0 mL (1 .0 mmol, 2 eq.) was 
removed via syringe and placed into a dry flask. A solution of the epoxide (89, 200 mg, 
0.5 mmol) was added to the Grignard reagent prepared above. After 14 hr stirring, TLC 

1 0 analysis using a solvent system of 5% acetone/CH2Cl2 indicated the reaction was 

incomplete. Therefore, 2.0 mL additional Grignard reagent was added. Within Vi hr, TLC 
indicated complete consumption of the starting mat^al. The reaction mixture was diluted 
with saturated NH4CI solution and the mixture was stirred for V2 hr while air was bubbled 
through the mixture. The aqueous mixture was extracted with CH2CI2. TheCH2Cl2 

1 5 extracts were washed with saturated NH4CI solution, H2O and brine. The combined 

CH2CI2 extracts were dried over Na2S04. Evaporation of the solvent gave 350 mg of the 
crude product. Following chromatography, 126 mg of 90 was obtained as a stable yellow 
foam in 48% yield NMR (CDCI3): 8 0.28 (s, 3 H, ClS-CHs), 2.10 (s, 3 H, C2I-CH3), 2.87 
(s, 6 H, -N(CH3)2), 3.27 (s, 3 H, Cna-CHjOCHj), 3.90 (br m, 4 H, C3-OCHb;CBbO-), 4.25 

20 (br m, 1 H, CI la-CH), 6.61 and 7.05 (d, 4 H, J = 9 Hz, aromatic-CH's). 

Step 14. Preparation of the target compound 91: 

A solution of 90 (126 mg, 0.24 mmol) ua acetic acid/THF/H20 (3:1:1, 5.0 
mL) was heated at reflux for 1 V2 hr. The solvent was removed in vacuo and the residue was 
diluted with saturated NaHCOs solution. The aqueous mixture was extracted with CH2CI2. 
25 The CH2CI2 extracts were washed with H2O and brine, combined, and dried over Na2S04. 
Evaporation of the solvent gave 11 1 mg of a stable foam. Flash chromatography eluted 
with 7% acetone/CH2Cl2 gave 75 mg of 91 in 68% yield as a stable foam. The material 
resisted crystallization from a variety of solvents and HPLC analysis on NovaPak Cis 
column, eluted with 30% aq. MeOH wifli 0.033% TEA at a flow rate of 1 .0 ml per min at X 
30 = 302 nm showed this material to be only 95% pure. Therefore, this material was purified 
via preparative HPLC on Nova Pak Cig column (40 x 100 mm RCM) eluted with 30% aq. 
MeOH with 0.033% TEA at a flow rate of 1.0 mL per min and at X = 330 nm to afford 47 
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mg of 91 as a stable off- white foam with apurity of 98.8%; m.p. = softens at 110°C and 
melts at U5-1 17°C. FTIR (KBr, diffiise reflectance) Vmaj, 2940, 2074, 1868, 1704, 1663, 
1612, 1560 and 1518 cm''. NMR (300 Nfflz, CDCI3): 5 0.356 (s, 3 H. CI8-CH3), 2.148 (s, 
3 H. C2I-CH3), 2.905 (s, 6 H. -N(CH3)2)., 3.300 (s, 3 H, C17o-CH20CI^), 3.339 and 3.858 
(d, 2 H. J = 8.1 Hz, C17a-CE^OCH3)i 4.335 (d, 1 H, J « 6.3 Hz. Clla-CH), 5.758 (s, 1 H, 
C4-CH=) and 6.638 & 6.992 (d, 4 H, J = 8.4 Hz, aromatic-CH's). MS(EI) m/z (relative 
intensity): 461(M*. 36.6), 134 (25.4) and 121(100). Anal. Calcd. for C30H39NO3: C, 
78.05; H, 8.52; N, 3,03. Found: C, 7729; H. 8.40; N. 2.97. 

EXAMPLE 17 

This example illustrates tiie preparation and properties of 17a-Acetoxy-l ip- 
[4-(N-pyrrolidino)phenyl]-19-norpregna-4,9-diene-3,20-dione (70) (Figure 4). 

Step 1. 3,20-h}S-Ethyhnedhxy-17€i-hydroxy-19-norpregna-5(10),9(ll)-diene 

(50): 

A mixture of 17a-hydroxy-19-norpregna-4,9-diene-3,20-dione (92, 10 g, 
31.8 mmol), ethylene glycol (11.10 g, 178.7 mmol), freshly distilled triethyl orthoformate 
(14g, 94.1 mmol) and toluenesulfonic acid monohydrate (0.3 g, 1.58 mmol) in CH2CI2 
(150 mL) was stirred at room temperature under nitrogen overnight. Analysis by TLC (5% 
acetone in CH2CI2) at that time indicated a complete reaction. SoUd NaHCCb (~1 g) was 
added and the mixture was diluted wifli CH2CI2 (~100 mL) and poui^ into H2O. The 
mixture was extracted wifli CH2CI2 (3x). The organic fractions were washed wifli H2O 
(3x), filtered through sodium sulfete, combined and concentrated in vacuo to give 12 g of 
the crude product 50 as a yellow foam. Crystallization of this crude material from 
CH2Cl2/MeOH containing a trace of pyridine gave 9.8 g of Ihe pure diketal 50 as a light 
yeUow soUd in 77% yield; m.p. 169 - 171°C. FnR(KBr, diffuse reflectance) v,«„ 3484 and 
2912 cm\ NMR (300 MHz, CDCI3): 5 0.792 (s, 3 H, CI8-CH3), 1.378 (s, 3 H, C2I-CH3), 
3.816 and 4.047 (m, 4 H, C20-ketal), 3.983 (s, 4 H. C3-ketal) and 5.555 (m, 1 H, Cll- 
CH=). MS (EI) m/z (relative intensity): 402 (M*. 100.0), 366 (2.5), 340 (20.8) 270 (59.9) 
and 99 (50.1). 
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Step 2. 3,20-biS'Ethylenedioxy-17a-hydroxy'Sa^l0a'epoj^-19'norpregna-9(U^ 
ene (51): 

Hydrogen peroxide (30%, 3.3 mL, 32.31 mmol) was added to a solution of 
hexafluoroacetone trihydiate (334 g, 16.17 mmol) in CH2CI2 (53 mL) cooled to 0°C. Solid 
5 Na2HP04 (1 .48 g, 10.43 mmol) was added and the mixture stirred at O^^C for V2 hr. A 
solution of the 3,20-diketal (50, 6.0 g, 14.9 mmol) in CH2CI2 (45 mL), precooled to 0°C, 
was added over a period of 10 min and the reaction mixture was stirred overnight at 5°C. 
Analysis by TLC (5% acetone in CH2CI2) at that point indicated absence of the starting 
material. The reaction mixture was diluted with CH2CI2 ('-100 mL) and washed with 10% 

10 Na2S03 solution (2x) and saturated NaHCOa solution (2x). The organic fractions were 
filtered through Na2S04, combined and concmtrated in vacuo to give 7 g of 51 of a white 
foam. Trituration of the epoxide mixture (a and p) with ether afforded 3.05 g of the pure 
5a,10a-epoxide 51 as a white solid in 48.9% yield; m.p. = 172-173°C. FTIR (KBr, diffuse 
reflectance) v^^ 3439, 2950, 1705, 1642 and 1593 cm \ NMR (300 MHz, CDCI3) 5 0.789 

15 (s, 3 H, CI8-CH3), 1.365 (s, 3 H, C2I-CH3). 3.810 - 4.094 (m, 8 H, C3- and C20-ketals) 
and 6.013 (m, 1 H, CI 1-CH=). MS (EI) m/z (relative intensity): 418 (M^, 0.5), 400 (1.4), 
293 (0.9), 131 (2.5), 99 (4.3) and 87 (100.00). 

Step 3. 3,20-biS' Eihylenedioxy'5a,17a'<iihydroxy'llfi''f4'(N'pyr^^ 
19'norpregn''9'ene (53): 

20 Magnesium (0.98 g, 4031 mmol) was added to a 250 roL, 3-neck flask with 

a magnetic stirrer and a reflux condenser. A crystal of iodine was added, followed by dry 
THF (20 mL) and a few drops of 1,2-dibromoethane. A solution of N-(4- 
bromophenyl)pyrrolidine (Yur'e vYKet aL, IzvestAkad Nauk SS.S.R., Otdel Khim Nauk, 
166-171 (1951): C4, 45:10236f (1951)) (8.3 g., 36.71 mmol) in dry THF was then added 

25 and the mixture was stirred under nitrogen and heated to reflux. After heating for 45 min, 
most of the magnesium had reacted. The reaction was cooled to room temperature and 
solid copper (I) chloride (0.36 g, 3.62 mmol) was added followed 54 hr later by a solution of 
the 5a,10a-epoxide (51, 3.05 g, 7.29 mmol) in dry THF (20 mL). The reaction mixture was 
stirred at room temperature for 1 hr, then cooled to 0**C in an ice bath and quenched by the 

30 addition of saturated NH4CI (-15 mL). With vigorous stirring, air was drawn through the 
reaction mixture for Vi hr to oxidize Cu(I) to Cu(II). The mixture was diluted with H2O 
(-100 mL) and extracted with CH2CI2 (3x). The organic fractions were washed with H2O 
(3x), combined, dried over Na2S04, filtered and concentrated in vacuo to give 8.36 g of 
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residue. Trituration of this material with pentane followed by decanting the mother liquors 
removed the phenylpyrroHdine by-product. Trituration of 4 g of the residue with ether gave 
the Grignard adduct (53, 3.66 g) as blue-grey solid in 88.8% yield. A small amount of this 
material was purified by flash chromatography using 10% acetone in CH2CI2 followed by 
5 crystallization from CH2Cl2/ether for purposes of characterization: m.p. = 25 1 -254°C 
(dec.). FTIR (KBr, difiuse reflectance) Vmax 3580, 3537, 2948, 2871, 2822, 1614 and 
1517 cm \ NMR (CDCI3) 5 0.484 (s, 3 H, CI8.CH3), 1.383 (s. 3 H, C2I-CH3), 1.977 (m, 4 
H, pyrroUdine P-CH2), 3.245 (m, 4 H, pyrroUdine a-CH2), 3.765-4.038 (m, 8 H, C3-ketal 
and C20-ketal), 4.186 (d, 1 H, J = 6.3 Hz, CI la-CH), 6.461 (d, 2 H, J = 8.4 Hz, 3', 5' 
10 aromatic-CH's) and 7.047 (d, 2 H, J = 8.7 Hz, 2\ G aromatic-CH's). MS (EI) m/z (relative 
intensity): 565 (M*, 23.2), 547 (20.5), 160 (14.2), 147 (61.5) and 87 (100.00). Anal. Calcd. 
forC34H47NO6*l/10H2O: C, 71.75; H, 8.38; N, 2.47. Found: C, 71.98; H, 8.47; N, 2.52: 

Step 4. 17a'Hydroxy-liP'[4-(N-pynolidino)phenyl]-19'norpregna-^^ 
S.lO-dione (62): 

15 A suspension of the Grignard adduct (53, 3.45g, 6.1 mmol) in EtOH 

(110 mL) was deoxygenated by bubbling nitrogen through it for -V^ hr. A similarly 
deoxygenated 8.5% H2SO4 solution (1 1 mL, 17.53 mmol) was added and the resulting clear 
solution was heated to reflux under nitrogen. After 25 min., TLC (20% acetone/CH2Cl2; 
overspotted with concentrated NH4OH) indicated a complete reaction. The reaction 

20 mixture was cooled to O^'C in an ice bath, diluted with H2O (-100 mL) and adjusted to a pH 
of -8.0 using concentrated NH4OH solution. 

The resulting suspension was extracted with CH2CI2 (3x). The organic 
fractions were washed with H2O (2x), filtered tiirough Na2S04, combined and concentrated 
in vacuo to give 2.53 g of crude product which was purified by flash chromatography (10% 

25 acetone/CH2Cl2) followed by trituration with ether to give 2.24 g of the pure 17a-hydroxy 
derivative (62) as an ofF-white solid in 80% yield; m.p. = softens at ISO'^C. FITR (KBr, 
diffuse reflectance) v^ax 3457, 2946, 2892, 2834, 1706, 1662, 1616 and 1518 cm'\ NMR 
(CDCI3) 5 0.490 (s, 3H, C18-CH3), 1.978 (m, 4 H, pyrrolidine P-CH2's), 2.254 (s, 3 H, C21- 
CH3), 3.243 (m, 4H, pyrrolidine a-CHa's), 4.361 (d, 1 H, J = 6.9 Hz, CI la-CH), 5.752 (s, 1 

30 H, C4-CH=), 6.465 (d, 2 H, J = 8.4 Hz, 3^ 5* aromatic-CH's), and 6.93 (d, 2 H, J = 8.4 Hz, 
2', 6' aromatic-CH's). MS (EI) m/z (relative intensity): 459 (M^, 45.5), 160 (10.8), 147 
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(100.0) and 91 (3.5). Anal. Calcd for CsoHaTNOj-a/SHzO: C, 77.19; H, 8.16; N, 3.00. 
Found: C, 77.27; H, 8.15; N, 3.12. 

Step 5 Preparation of tlte target compound 70: 

Under nitrogen, trifluoroacetic anhydride (19.37 g, 92.22 mmol), glacial 
acetic add (5.67 g, 94.42 mmol) and dry CH2CI2 (10 mL) were combmed and stiired at 
room temperature for 1 hr. Toluenesulfonic acid monohydrate (0.9 g, 4.73 mmol) in 
CH2CI2 (30 mL) was added and the mixture cooled to 0°C in an ice bath. A solution of the 
17a-hydroxy compound (62, 2.12 g, 4.61 mmol) in dry CH2CI2 (5 mL) was added and the 
reaction mixture was stirred at 0°C and monitored by TLC (20% acetone/CH2Cl2, 
overspotted with concentrated NH4OH) which indicated a complete reaction after 1 hr. The 
mixture was dUuted with H2O (-10 mL), stirred at O'C for another 15 min, then carefuUy 
adjusted to a pH of ~8 using pH paper with dropwise addition of concentrated NH4OH 
solution (-16 mL). The mixture was diluted with H2O (-200 mL) and extracted with 
CH2CI2 (3x). The organic fiactions were washed with H2O (3x), filtered flarough sodium 
sulfete, combined and concentrated in vacuo to give 2.3 g of crude product as a yellow 
foam. This material was purified by flash chromatogr^hy (5% acetone/CH2Cl2) followed 
by crystallization fi-om 90% EtOH to give 1 .87 g of the pure 17a-acetate as a light yellow 
soUd m 80,7% yield; m.p. = 149-154°C. Reverse phase HPLC on Waters NovaPak C,8 
column eluted with 0.05 M KH2PO4 buffer [pH = S.oyCHaCN, (40:60) at a flow rate of 
1 mL/min and at X = 302 nm indicated this material to be > 99% pure with a retention tune 
(tR) of 8.98 min. FTIR (KBr, difiuse reflectance) v„a;,2946, 2880, 1734, 1715, 1665, 1614 
and 1518 cm''. NMR (CDCI3) 5 0.376 (s, 3 H, C18-CH 3), 1.978 (m, 4H, pyirolidine P- 
CHz's), 2.091 (s, 3 H, C17a-0Ac), 2.132 (s, 3 H. C2I-CH3). 3.241 (m, 4 H, pyrrolidine a- 
CHz's), 4.386 (d, 1 H, J = 7.2 Hz, CI la-CH), 5.771 (s, 1 H, C4-CH=), 6.465 (d, 2 H, J = 
8.4 Hz, 3', 5' aromatic-CH's) and 7.030 (d, 2 H, J = 8.4 Hz, 2', 6' aromatic-CH's). MS (EI) 
m/z (relative intensity): 501(M*, 33.80), 426 (2.3), 160 (10.7) and 147(100.0). Anal. 
Calcd. for C32H39N04-3/4H20: C, 74.61; H, 7.92; N, 2.72. Found: C, 74.58; H, 7.69; N, 
2.87. 

EXAMPLE 18 

This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 
[4-(N-Piperidino)phenyl]-19-norpregna-4,9-diene-3,20-dione (71) (Figure 4). 
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Step 1. 3,20-his-Ethylenediox)h5aJ7a'^Uiydroxy-Iip-f4-(N'piperUm^ 
IP-nofpregn-P-ene (54): 

Magnesium (1.74 g, 71.7 nunoU) was weigihed into a 250 mL round bottom 
two-neck flask equipped with a reflxix condenser, a magnetic stirring bar and a rubber 
S septum. A small crystal of iodine was added and the system was flushed with dry nitrogen. 
The system plus contents were flame dried under nitrogen. The system was cooled to 
room temperature and freshly distilled THF (60 mL) was added via syringe. A small 
amoimt (--0. 1 mL) of dry dibromoethane was added and the mixture stirred at room 
temperature. After evidence of reaction was observed (disappeamance of I2, color, bubble 

10 formation on the surface of magnesixmi), a solution of N-(4-bromophenyl)piperidine 

(Wolfe, LP. and Buchwald, SX., Org. Chem., 62:6066-6068 (1997); and Veradro, G. et 
al. Synthesis, 447-450 (1991)) (17.21 g, 71.7 mmol) in dry THF (40 mL) was added via 
syringe. The mixture was then stirred in a hot water bath for 3.5 hr, after which time the 
majority of the magnesium metal had reacted. The mixture was cooled to room 

15 temperature and copper (I) chloride (710 mg, 7.17 mmol) was added as a solid, and the 
mixture was then stirred in a hot water bath for 3.5 hr, after which time the majority of the 
magnesium metal had reacted. The mixture was cooled to room temperature and copper (I) 
chloride (71b mg, 7.17 mmol) was added as a solid and the mixture stirred at room 
temperature for hr. The 5a,10a-epoxide (51 , 6.0 g, 14.3 mmol) in dry THF (40 mL) was 

20 added via syringe and the nMxture stured at room temperature for Vz hr. At this time, a 
small aliquot of the reaction mixture was withdrawn, quenched with saturated NH4CI 
solution, and extracted with a small amount of EtOAc. A TLC (10% acetone in CH2CI2) of 
the organic layer indicated the absence of the starting material. Saturated NH4CI solution 
(-1 00 mL) was added to the reaction mixture, and the mixture was stirred at room 

25 temperature for Y2 hr while air was drawn through the reaction mixture (to oxidize copper) 
via a 6 inch needle inserted through the rubber septum by applying a partial vacuum to the 
top of the condenser. The contents of the flask was diluted with H2O (-250 mL) and 
extracted with CH2CI2 (3x). The organic fractions were washed with saturated NKUCl 
solution (Ix), H2O (Ix), brine (Ix) and then dried over anhydrous Na2S04. The organic 

30 fraction was filtered and concentrated in vacuo to yield 26.8 g of an oil. The material was 
placed on a flash column and eluted and using 10% acetone in CH2CI2 yielding 5.25 g of 54 
as an ofif-white solid in 63.87% yield; m.p. = 21 1-214'*C (sealed tube). FTIR CKBr, diflfiise 
reflectance) v,„« 3508, 2933, 2790, 1609 1511, 1441, 1365 and 1234 cm"^ NMR (CDCh) 5 
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0.45 (s, 3 H, CI8-CH3), 1.38 (s, 3 H, C2I.CH3), 3.05 - 3.2 (m, 4 H, -N-(CH2)2-), 3.8 - 4.05 
(m, 8 H, 3- and 20-ketals), 4.1 (d, 1 H, Clla-CH) and 6.8 - 7.1 (dd, 4 H, aromatic-CH's). 
Anal. Calcd. for C35H45O6N: C, 72.51; H, 8.52; N, 2.41. Found: Q 71.84; H, 8.60; N, 
2.46. MS (EI) tdJz (relative intensity): 579 (M*). 

Step 2, 17a-Hydroxy'nfi'f4-(N-Piperidino)phenylJ-19-^^^^ 
dione (63): 

Nitrogen was bubbled through a mixture of EtOH (120 mL) and H2SO4 
(8.5%, 15 mL) for Vi hr to remove oxygen. The Grignard adduct (54, 4.0 g, 6.89 mmol) 
was added as a solid with stirring. The mixture was put into an oil bath preheated to 95°C 
for Yi hr. The mixture was cooled m an ice bath and quenched with saturated K2CO3 (pH = 
--1 0). The reaction mixture was diluted with H2O (250mL) and extracted with CH2CI2 (3x). 
The organic fractions were washed with saturated NaHCOa (Ix), H2O (Ix), brine (Ix), 
combined, dried over anhydrous Na2S04 and concentrated in vacuo to give 3.35 g of a 
foam. This material was purified by flash colunm chromatography using 10% acetone in 
CH2CI2 to yield 2.95 g of a crude product (63) which was crystallized from CH2CI2 and 
ether to yield 2.45 g of an oflf-white crystalline product (63) in two crops in 61 .4% yield; 
m.p. = 219«221''C. FTIR (KBr, difiuse reflectance) Vnuu 3433, 2942, 1708, 1654, 1605, 
1512 and 1234 cm'^ NMR (CDCI3) 5 0.45 (s, 3 H, ClS-Me), 2.25(s, 3 H, C21-Me), 3.05 - 
3.2 (m, 4 H, -N-(CH2)2-), 4.35 (d, 1 H, CI la-CH), 5.75 (s, 1 H, C4.CH-), 6.8 - 7.0 (dd, 
4 H, aromatic-CH). MS (EI) m/z (relative intensity): 161 (100), 174 (11.43) and 473 
(75.71, M*). Anal. Calcd. for C31H39O3N: C, 78,61; H, 8.30; N, 2.96. Found: C, 77.59; H, 
8.29; N, 3.03. 

Step 3. Preparation of the target compound 71: 

The diketone (63,1.7 g, 3.59 mmol) was dissolved in CH2CI2 (50 mL) and 
cooled to 0°C in an ice bath. In a separate round bottom flask, trifluoroacetic anhydride 
(15.11g, 71.78 mmol) and acetic acid (4.75 g, 71.78 mmol) were added to CH2CI2 
(100 mL), flushed with dry nitrogen and sthxed at room temperature for V2 hr. This mixed 
anhydride was then placed in an ice bath and cooled to 0°C. The cold mixed anhydride 
solution was then added to the steroid solution and treated with /'-toluenesulfonic acid 
(628 mg, 3.3 mmol). The reaction mixture was stirred for 2 hr at O^'C. The reaction was 
quenched with saturated K2CO3 (pH = '^10), diluted with H2O and extracted with CH2CI2 
(3x). The organic layers were washed with H2O (2x) and brine (Ix), dried over Na2S04, 
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filtered and concentrated to yield 3.38 g of crude material. A flash column using 10% 
acetone in CH2CI2 yielded 1.66 g of 71 as an oflf-white soUd in 54.1% yield. The crude 
product 71 was recrystallized firom CH2CI2 and Et20- The material retained CH2CI2 and 
was dried in a heating pistol in vacuo over refluxing benzene for 5 days to afford 895 mg of 
5 71 as an off-white solid in 48.4% yield; m.p. = 175-183''C (sealed tube). FTIR (KBr, 
diffuse reflectance) v„at 2936, 1733, 1717, 1654, 1609, 1512, 1450,1372, 1259 and 1235 
cm\ NMR (300 MHz, CDCI3) 8 0.340 (s, 3 H, C18-Me), 2.091 (s, 3 H, C17-0Ac), 2.131 
(s, 3 H, C2I-CH3). 3.120 (m, 4H, -N-(CH2)2-), 4.370 (m, 1 H, Clla-CH), 5.778 (s, IH, C4- 
CH=) and 6.810 - 7.000 (m, 4 H, aiomatic-CH*s). MS(EI) m/z (relative intensity): 
10 161(100), 174(11.11) and 515 (M*, 59.72). 

Reverse-phase HPLC analysis on Waters NovaPak Cis column eluted with 
MeOHrHaO in the ratio of 70:30 with 0.05% TEA at a flow rate of 1 mL/min and at 260 nm 
indicated it to be 99.5% pure. Anal. Calcd. for C3iH4i04N-i4EtOH: C, 76.86; H, 8.01; N, 
2,72. Found: C, 76.64; H, 8.06; N, 2.69. 

15 EXAMPLE 19 

This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 
[4-(N-Morpholino)phenyl]-19"norpregna-4,9-diene-3,20-dione (72) (Figure 4): 

Step L 3,20AA^Eihyknedwyy'Sa^l7a-dihydroxy'llp'l^^ 
19-norpregn-9'ene (55): 

20 Magnesium (0.90 g, 37.02 mmol) was added to a 250 mL 3-neck flask 

equipped with a magnetic stirrer and a reflux condenser. A crystal of iodine was added 
followed by dry THF (20 mL) and a few drops of 1,2-dibromoethatne. A solution of N-(4- 
bromophenyl)moipholine (Jones, D.H., J. Chem. Soa (C), 132-137 (1971)) (7,8 g, 
32.21 mmol) in dry THF (30 mL) was then added and the mixture was stirred under 

25 nitrogen and heated to reflux. After 45 min of stirring, most of the magensium had reacted. 
The reaction was cooled to room temperature, and solid copper (I) chloride (0.32 g, 
32.3 mmol) was added followed V2 hr later by a solution of the 5a,10a-epoxide (51, 2.7 g, 
6.45 mmol) in dry THF (20 mL). The reaction mixture was stirred at room temperature for 
1 hr, then cooled to 0°C in an ice bath and quenched by the addition of saturated NH4CI 

30 solution (-1 0 mL). With vigorous stirring, air was drawn through the reaction mixture for 
Vz hr to oxidize Cu(I) to Cu(II). The mixture was extracted with CH2CI2 (3x) and the 
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organic fractions washed with H2O (3x). The organic fractions were combined, ckied over 
sodium sulfate, filtered and concratrated in vacuo to give 8 g of residue. Trituration of this 
material with ether gave the pure adduct (55, 2.1 g) as an off-white solid. The mother 
liquors were concentrated in vacuo and the residue purified by flash chromatography (20% • 
5 acetone/CH2Cl2) to give an additional 0.6 g of the product (55). Total yield of 55 was 2.7 g 
in 72% yield; m.p. = 243-245'*C. FTIR (KBr, difEuse reflectance) v^ax 3578, 3539, 2978, 
2949, 2887, 2868, 2821. 1610 and 1511 cm'^ NMR (CDCI3) 5 0.450 (s, 3 H, CI8-CH3), 
1.377 (s, 3 H, C2I-CH3), 3.110 (m, 4H, moipholine-O-CH2CH2N)0, 3.789 - 4.039 (m, 
10 H, C3-ketal, C20-ketal and moipholine -0-afcCH2N), 4.202 (d, 1 H, J = 6.9 Hz, CI la- 
10 CH), 6.791 (d, 2 H, J = 8.7, 3', 5' aromatic-CH's) and 7.107 (d, 2 H, J = 2', & aromatic- 

CH's). MS(EI) m/z (relative intensity): 581 (M^, 11.0), 563 (8.6), 366 (2.5), 163 (18.5) and 
87(100.0). Anal. Calcd. for C34H47N07-2/3H20: C, 68.79; H, 8.20; N, 2.36. Found: C, 
68.84; H, 8.01; N, 2.36. 

Step 2. 17a-Hydroxy'llfi''[4'(N'morpholino)phenylJ-J9-notp^ 
15 dione(64): 

A suspension of the Grignard adduct (55, 2.56 g, 4.4 mmol) in EtOH 

(80 mL) was deoxygenated by bubbling nitrogen through it for -i^ hr. A similarly 

deoxygenated 8.5% H2SO4 solution (8 mL, 12.75 mmol) was added, and the resulting clear 

solution was heated to reflux under nitrogen. After 25 min, TLC (20% acetone/CH2Cl2, 

20 overspotted with concentrated NEliOH) indicated a complete reaction. The reaction 

mixture was cooled to 0**C in an ice bath, diluted with H2O (-100 vaL) and adjusted to a pH 
of -8.0 using concentrated NH4OH solution. The resulting suspension was extracted with 
CH2CI2 (3x). The organic firactions were washed with H2O (2x), filtered through Na2S04, 
combined and concentrated in vacuo to give 2.2 g of a yellow foam. Trituration of this 

25 material with ether gave the pure 17a-hydroxy compound (64, 1.8 g) as a white solid in 

86% yield; m.p. = 218-220^C. FTIR (KBr, difiuse reflectance) v^ax 3426, 2950, 2852, 1710, 
1652, 1580 and 1511 cm'^ NMR (CDCI3) 8 0.450 (s, 3 H, C18-CH3), 2.255 (s, 3 H, C21" 
CH3), 3.115 (m, 4 H, morpholine -OCHjOtN-), 3.843 (m, 4 H, moipholine-OCHaCHsN), 
4.373 (d, 1 H, J = 7.2 Hz, CI la-CH), 5.763 (s, 3 H, C4-CH=), 6.804 (d, 2 H, J - 8.7 Hz, 3', 

30 5' aromatic-CH's) and 7.028 (d, 2 H, J = 8.7 Hz, 2\ G aromatic-CH's). MS (EI) m/z 

(relative intensity): 475 (M*, 58.5), 374 (4.9), 322 (5.4), 176 (14.2) and 163 (100.0). Anal. 
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Calcd.forC3oH37N04 l/10H20: C, 75.47; H, 7.85; N, 2.93. Found: C, 75.46; H, 7.90; N, 
3.04. 

Step 5. Preparation of the target compound 72: 

Under nitrogen, trifluoroacetic aiahydride (14.9 g, 70.94 mmol), glacial 
5 acetic acid (4.3 1 g, 71 .7 mmol) and dry CH2CI2 (25 mL) were combined and stirred at room 
temperature for 1 hr. Toluenesulfonic acid monohydrate (0.7 g, 3.68 mmol) was added and 
the mixture cooled to O'^C in an ice bath. A solution of the 17a-hydroxy compound (64, 
1 .66 g, 3 .49 mmol) in dry CH2CI2 (5 mL) was added and the reaction mixture was stirred at 
0°C and monitored by TLC (20% acetone/ CH2CI2, overspotted with NH4OH) which 
1 0 indicated a complete reaction after 1 hr. The mixture wad diluted with H2O (-1 0 mL), 
stirred at 0°C for another 15 min, then carefully adjusted to a pH of ~8 (with pH paper) 
with dropwise addition of concentrated NH4OH solution (--16 toL). The imxture was 
diluted with H2O (-200 mL) and extracted with CH2CI2 (3x). The organic fractions were 
washed with water (3x), filtered through Na2S04, combhied and concentrated in vacuo to 
1 5 give 1 .8 g of the residue as a yellow foam. This material was purified via flash 

chromatography (10% acetone/CH2Cl2), followed by trituration with ether to afford 1 .2 g of 
the pure 17a-acetate (72) as an off-white solid in 67.5% yield. Analysis by NMR indicated 
this material retained a large amount of ether which could be removed by drying in vacuo at 
153°C; m.p. = 194-196^0. FTIR (KBr, difiiase reflectance) v,„ax2950, 2885, 1738, 1710, 
20 1663, 1608 and 1513 cm'^ NMR (CDCI3) 6 0.342 (s, 3 H, C18-CH 3), 2.096 (s, 3 H, C21- 
CH3), 2.132 (s, 3 H, C17a-0Ac), 3.116 (m, 4 H, morpholine-OCHzCJ^N), 3.847 (m, 4 H, 
morpholine^OCI^CH 2N), 4.398 (d, 1 H, J = 6.9 Hz, CI la-CH), 5.785 (s, 1 H, C4-CH=). 
6.810 (d, 2 H, J = 8.7 Hz, 3', 5' aromatic-CH's) and 7.030 (d, 2 H, J = 8.7 Hz, 2', 6' 
aromatic-CH's). MS (EI) m/z (relative intensity): 517 (M^, 51.2), 442(5.1), 414 (6.6), 176 
25 (16.0) and 163 (100.0). Anal. Calcd. for C32H3s;N05-y2H20: C, 74.04; H, 7.60; N, 2.70. 
Found: C, 74.04; H, 7.60; N, 2.84. 

Analysis by HPLC on a Waters NovaPak, Cis eluted with 0.05 M KH2PO4 
buffer, pH = 3.0/(3l3CN (55:45) at a flow rate of 1 mL/min and and at X = 302 nm 
mdicated this material to be >99% pure with a retention time (tp) of 8.7 min. 
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EXAMPLE 20 

This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 
(4-acetylphenyl)- 1 9-noipregna-4,9-diene-3,20-dione (73) (Figure 4). 

Stepl 3,20Ayis-Ethylenedioxy-5a,17a'dihydroxy'llp-[^^^^ 
5 2''yl)phenyl]-19'norpregn''9'ene (56): 

Magnesium turnings (435 mg, 17.9 nunol) were weigjied into a 100 roL 

round bottom two-neck flask equipped with a reflux condenser, a magnetic stirrer and a 

rubber septum. A small crystal of iodine was added and the system was flushed with dry 

nitrogen and flame dried. After the system had cooled to room temperature, freshly 

10 distilled THF (20 mL) was introduced via syringe followed by a small amount of dry 
dibromoethane (~0. 1 mL). After evidence of reaction was observed (disappearance of I2 
color, bubble formation on metal), a solution of the ketal of 4-bromoacetophenone (see, 
Detty, M.R., et al, X Am. Chem. Soc, 105:875-882 (1983); and Rao, P.N., et al„ Steroids, 
63:523-530 (1998)) (4.35 g, 17,9 mmol) in dry THF (10 mL) was added via syringe. The 

15 mixture was then stirred in a hot water bath for 2 hr. (After 35 min, an additional 10 mL of 
THF was added as a white precipitate formed and the reaction mixture thickened). The 
reaction was cooled to room temperature and copper Q) chloride (177 mg, 1 .79 nunol) was 
added and the mixutre stirred at room temperature for Vt hr (the precipitate went back into 
solution with the addition of the copper chloride). The 5a,10a-epoxide (51, 1 .5 g, 

20 3.58 mmol) in dry THF (10 mL) was added via syringe and the reaction mixture stirred at 
room temperature for 45 min. At this time, TLC (10% acetone in CH2CI2) showed no 
starting material. Saturated NH4CI solution (-20 mL) was added and the mixture stirred at 
room temperature for Yz hr while air was drawn through the reaction mixture to oxidize the 
copper. The contents of the flask were diluted with H2O (-100 mL) and extracted with 

25 CH2CI2 (3x). The organic fractions were washed with saturated NH4CI solution (Ix), H2O 
(Ix), and brine (Ix), and then dried over anhydrous Na2S04, filtered and concentrated in 
vacuo to yield an oil. The oil was purified on a flash coliunn (10% acetone in CH2CI2) 
yielding 1.3 g of a stable white foam. The material was crystallized from ether to yield 
880 mg of 56 as a white crystalline soM in 42.3% yield; m.p. = 185-188*^0. FTIR (KBr, 

30 diffuse reflectance) v„tax 3501, 2940, 1609, 1443, 1371, 1181 and 1042 cm"^ NMR (CDCI3) 
8 0.45 (s, 3 H, C18-CH 3). 1.4 (s, 3 H, CH3 from' ethylene ketal of acetophenone at Clip-), 
1.6 (s, 3 H, C2I-CH3), 3.6 - 4.2 (brm, 12 H, C3- and C20-ketals and ketal of acetophenone 



wo 01/74840 



70 



PCTAJSOl/08681 



at Clip-), 4.3 (br d, 1 H, CI la-CH), and 7.05 - 7.47 (dd, 4 H, aromatic-CH's). MS(EI) m/z 
(relative intensity): 582 (M^. Anal. Calcd. for C34H46O8: C, 70.08; H, 7.96. Found: C, 
70.00; H, 8.05, 

Stq) 2. 17a'Hydroxy-llfi'(4-Acetylphmyiyi9'norpregna'4,9'^^^ 
(65): 

Nitrogen was bubbled through a mixture of EtOH (25 mL) and 8.5% H2SO4 
(2.5 mL) for V4 hr to remove oxygen. The Grignard adduct (57, 750 mg, 1.28 mmol) was 
added as a solid with stirring. The mixture was put into an oil bath preheated to 95°C for 
1 hr. The mixture was cooled in an ice bath and quenched with saturated K2CO3 to bring 
the pH to -10. The mixture was diluted with H2O (125 mL) and extracted with CH2CI2 
(3x). The organic fractions were washed with saturated NaHCOs (Ix), H2O (Ix), brine (Ix), 
combined and dried over anhydrous Na2S04. This material was concentrated in vacuo to 
give 600 mg of 65 as an oil. The material was purified on a flash column (10% acetone in 
CH2CI2) to yield 560 mg of 65. This material was crystallized from CH2CI2 and ether to 
give 475 mg of 65 as a white solid in 85.9% yield; m.p. = foams/honeycombs at 1 12- 
1 15°C. FTIR (KBr, dif3Euse reflectance) v,„« 3390, 2976, 1709, 1679, 1655, 1601, 1360 and 
1275 cm-^ NMR (CDCI3) 6 0.4 (s, 3 H, CI8.CH3), 2.25(s, 3 H, C2I-CH3), 2.6 (s, 3 H, 1 Ip- 
4-phenylacetyl CH3), 3.25 (s, IH, C17a-0H), 4,5 (br d, 1 H, Clla-CH), 5.8 (s, 1 H, C4- 
CH=) and 7.2 - 8.0 (dd, 4 H, aromatic-CH?s). MS (EI) m/z (relative intensity): 432(M*, 
88.7), 414 (11,3), 389 (25.4), 371 (21.1). 346(100.0), 331 (46.5), 319 (22.5), 280 (15.5). 
235 (16.9), 200 (14.1), 147(18.3), 133 (18.3), 115 (12.7), 105 (15.5) and 91 (21.1) 

Step 3. Preparation of the target compound 73: 

The triketone (65, 375 mg, 0.87 mmol) was dissolved in CH2CI2 (10 mL) 
and cooled to 0°C in an ice bath. In a separate round bottom flask, trifluoroacetic anhydride 
(3.65 g, 17.3 mmol) and acetic acid (1.14 g, 17.3 mmol) were added to CH2CI2 (10 mL), 
flushed with dry nitrogen and stirred at room temperature for Vi hr. The mixed anhydride 
was then placed in an ice bath and cooled to 0°C. The cold mixed anhydride solution was 
then added to the triketone (65) solution and treated with p-toluenesulfonic acid (152 mg, 
0.79 mmol). The reaction mixture was stirred for 45 min at 0°C. The reaction was 
quenched with saturated K2CO3 (pH = 1 0), diluted with H2O and extracted with CH 2CI2 
(3x). The organic layers were combined, washed with H2O (2x), brine (Ix), dried over 
sodium sulfate, filtered and concentrated to yield 425 mg of crude 73. The crude product 
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73 was purified on a flash column (10% acetone in CH2CI2) to yield 340 mg of compound 
73 . Crystallization from CH2CI2 and ether afforded 305 mg of 73 as a white solid in 
73.96% yield; m.p. = 243^246°C. 

Analysis by reverse phase HPLC on a Waters Nova Pak Cis column eluted 
5 with MeOHrHaO in the ratio of 70:30 at a flow rate of 1 mL/min and at 31 = 260 nm 

indicated it to be 99.6% pure. FITR (KBr, diffuse reflectance) v„,ax 2791, 1729, 1712, 1681, 
1595, 1362, and 1257 cm^^ NMR (CDCI3) 5 0.3 (s, 3 H, C18-Me), 2.10 (s, 3 H, C17a- 
OAc), 2.15 (s, 3 H, C2I-CH3), 2.55 (s, 3 H, llp-4.phenylacetyl CH3), 4.5 (br d, 1 H, Clla- 
CH), 5.8 (s, 1 H, C4-CH=) and 7.2 - 8.0 (dd, 4 H, aromatic-CH's). MS (EI) m/z (relative 
10 intensity): 474(M*', 2.8), 414 (36.6), 399 (14.0), 389 (8.5) and 371 (100). Anal. Calcd. for 
C30H34O5 ^jEtzO: C, 74.85; H, 7.44. Found: C, 74.94; H, 7.19. 

EXAMPLE 21 

This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 
(4-methylthiophenyl)-19-norpregna-4,9-diene-3,20-dione (74) (Figure 4). 

15 Step 1. 3,20-hh-(Ethylenedhxy)-5a,17a'^ihydroj(y''l^^ 

norpregn-9-ene (57): 

Magnesium (290 mg, 11.9 mmol) was weighed into a 100 mL roimd bottom 
two-necked flask equipped with a reflux condenser, a magnetic stirrer and a rubber septum. 
A small crystal of iodine was added and the system was flushed with dry nitrogen. The 

20 system plus contents were flame dried under nitrogen. The system was cooled to room 
temperature and freshly distilled THF (20 mL) was added via syringe. A small amount 
(--0, 1 mL) of dry dibromoethane was added and the mixture stirred at room temperature. 
After evidence of reaction was observed (disappearance of I2 color, bubble formation on the 
surface of magnesium), a solution of 4-bromothioanisole (available from Aldrich Chemical 

25 Co. (Milwaukee, Wisconsin)) (2.43 g, 11.9 mmol) in dry THF (10 mL) was added via 
syringe. The mixture was then stirred in a hot water bath for 1 .5 hr, after which time the 
majority of the magnesium metal had reacted. The mixture was cooled to room 
temperature and copper (I) chloride (118 mg, 1.19 mmol) was added as a solid and the 
mixture stirred at room temperature for Vi hr. The 5a,10a-epoxide (51, 1.0 g, 2.38 mmol) in 

30 dry THF (10 mL) was added via syringe and the mixture stirred at room temperature for 
1 hr. At this time, a small aUquot of the reaction mixture was withdrawn, quenched with 
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saturated NH4CI solution, and extracted with a small amount of EtOAc. A TLC (10% 
acetone in CH2CI2) of the organic layer indicated absence of starting material. Saturated 
NH4CI solution (20 mL) was added to the reaction mixtiu*e and the mixture was stirred at 
room temperature for V% hr while air was drawn through the reaction mixture (to oxidize 
copper) via a 6-inch needle inserted through the rubber septum by applying a partial 
vacuum to the top of the condenser. The contents of tiie flask were diluted wifli H2O (-100 
mL) and extracted with CH2CI2 (3x). The organic fractions were washed with saturated 
NH4CI solution (Ix), H2O (Ix), brine (Ix), then dried over anhydrous sodium sulfate. The 
organic fractions was filtered and concentrated in vacuo to yield 5.75 g of 57 as an oil. This 
oil was placed on a flash column and eluted with 10% acetone in C!H2Cl2 yielding 850 mg 
of 57 as a white stable foam. The foam was crystallized from ether to yield 675 mg of 57 
as a white solid; m.p. = 158-159*'C. FTIR (KBr, diffiise reflectance) Vmax 3571, 3539, 2944, 
1490, 1447, 1190 and 1076 cm'^ NMR (CDCI3) 5 0.45 (s, 3 H, CI8-CH3), 1.36 (s, 3 H, 
C2I-CH3), 2.45 (s, 3 H, CI lp-4-CH3S-phenyl), 3.8 - 4.1 (br m, 8 H, 03- and C20-ketals), 
4.25 (br d, 1 H, CI la-CH) and 7.17 (s, 4 H, aromatic-CH's). MS (EI) m/z (relative 
intensity): 542 (M^. Anal. Calcd. for C31H42O6S: C, 68.60; H, 7.80; S, 5.91. Found: C, 
68.52; H,7.76; S,5,84. 

Step 2. 17a-Hydrojqf-llfi-(4-methyUhiophenyl)''19'norpregna'^^^ 
dione (6^: 

Nitrogen was bubbled through a mixture of EtOH (20 mL) and 8.5% H2SO4 
(2.0 mL) for 14 hr to remove oxygen. The Grignard adduct (57, 500 mg, 0.92 mmol) was 
added as a solid with stirring. The mixture was put into an ofl bath preheated to 95°C for 
Vi hr. The mixture was cooled in an ice bath and quenched with saturated K2CO3 (pH = 
10). The reaction mixture was diluted with H2O (125 mL) and extracted with CH2CI2 (3x). 
The organic fractions were washed with saturated NaHCOs (Ix), H2O (Ix), brine (Ix), 
combined and then dried over anhydrous Na2S04. It was concentrated in vacuo to give 500 
mg of 66 as an oil. This oil was purified by flash chromatography (10% acetone in CH2CI2) 
to yield 350 mg of the crude 66. Crystallized from CH2CI2 and ether gave 330 mg of 66 as 
a white crystalline product; m.p. = foams/honeycombs at 102-106°C. FTER. (KBr, diffuse 
reflectance) v,„^ 3409, 2975, 2887, 1707, 1650, 1608, 1493 and 1207 cm^^ NMR (CDCI3) 
5 0.45 (s, 3 H, CI8-CH3), 2.25 (s, 3 H, C2I-CH3), 2.5 (s, 3 H, Hp-4.CH3S.phenyl), 3.1 (s, 
1 H, Cna^OH), 4.4 (br d, 1 H, CI la-CH), 5.8 (s, 1 H, C4.CH=) and 6.95 - 7.3 (dd, 4 H, 
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aiomatic-CH's). MS (EI) m/z (relative intensity): 436 (Nl^,100), 418 (14.1), 350 (76.1), 
335 (35.2), 323 (16.9), 296 (14.1), 281 (16.9), 249 (16.9), 235 (39.4), 211(18.3), 137 (87.3) 
and 91 (19.7). Anal. Calcd for C27H32O3S: C, 74.28; H, 7.39. Found: C, 73.01; H, 8.27. 

Step 5. Preparation of the target compound 74: 

5 The 1 7a-hydroxy compound (66, 275 mg, 0.63 mmol) was dissolved in 

CH2CI2 (10 mL) and cooled to O^'C in an ice bath. In a separate round flask, trifluoroacetic 
anhydride (2.65 g, 12.6 mmol) and acetic acid (0.83 g, 12.6 mmol) were added to CH2CI2 
(10 mL), and the mixture was flushed with nitrogen and stirred at room temperature for 
14 hr. The mixed anhydride was then placed in an ice bath and cooled to 0°C. The cold 

10 mixed anhydride solution was then added to the 1 7a-hydroxy compound (66) and treated 
with p-toluenesulfonic acid (110 mg, 0.58 mmol). The reaction mixture was stirred for 1 hr 
at 0°C. The reaction was quenched with saturated K2CO3 (pH = 10), diluted with H2O and 
extracted with CH2 CI2 (3x). The organic layers were washed with water (2x), brine (Ix), 
dried over anhydrous Na2S04; filtered and concentrated to yield 320 mg of 74 as a crude 

1 5 product. The 1 7a-acetate (74) was purified on a flash column (1 0% acetone in CH2CI2) to 
yield 250 mg of 74. Crystallization firom CH2CI2 and ether gave 210 mg of the pure 74 as a 
white solid in 70,5% yield; m.p. = 234-236°C. HPLC analysis on a Waters Nova Pak a Cig 
column eluted with MeOH:H20 in the ratio of 70:30 at a flow rate of 1 mL/min and at X = 
260 nm indicated it to be 99.7% pure. FTIR (KBr, diffuse reflectance) v^^^ 943, 1729, 

20 1713, 1660, 1594, 1491, 1438, 1363 and 1258 cm"^ NMR (CDCI3) 5 0.38 (s, 3 H, C18- 
CH3), 2.10 (s, 3 H, C17a.0Ac), 2.15(s, 3 H, C2I-CH3), 2.45 (s, 3 H,l lp-4-CH3S-phenyl), 
4.45 (d, 1 H, CI la-CH), 5.8 (s, 1 H, C4-CH=) and 7.0 - 7.35 (dd, 4 H, aromatic-CH's). MS 
(EI) m/z (relative mtensity): 478 (M^, 28.2), 418 (28.2), 403 (28.2), 375 (100), 347 (11.3), 
294 (15.5), 281 (8.5), 265 (18.3), 251 (42.3), 236 (15.5), 151(18.3), 137 (60.6) and 91 (9.9). 

25 Anal. Calcd for C29H34O4S: C, 72.77; H, 7.16; S, 6.70. Found: C, 72.07; H, 7.07; S, 6.81. 

EXAMPLE 22 

This example illustrates the preparation and properties of 17a-Methoxy-l ip- 
[4-(N,N-dimetiiylanMno)phenyl]-19-norpregna-4,9-diene-3,20-dio^^ (97a) (Figure 6): 
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StepL 17a-Hydrox}hl9'norpregna'4,9'diene-3,20'dione (92): 

Under nitrogen, the diketal (50, 20.0 g, 49.7 mmol) was dissolved in a 
mixture of THF (333 mL) and H2O (333 mL) followed by trifluoroacetic acid (1 L, 
13.46 mmol). The reaction mixture was then stirred at room temperature for 2 hr, after 
which time, TLC (10% acetone in CH2CI2, overspotted with concentrated NH4OH indicated 
a complete reaction. The reaction mixture was cooled in an ice bath and neutralized by the 
dropwise addition of concentrated (29.5%) NH4OH (862 mL, -13.46 mol) over a period of 
about an hour. The reaction mixture was diluted with H2O (-500 m L) and extracted with 
methylene chloride (3x). The organic fractions were washed with saturated NaHCOs (Ix) 
and H2O (Ix), brine (Ix), then filtered through anhydrous sodium sulfete, combined and 
concentrated in vacuo. Crystallization of the residue firom acetone/hexanes gave 12 g of the 
pure product 92 as a white crystalline solid m 76.8% yield; m.p. = 203-205°C. FTIR (KBr, 
diffusionreflectance)v,;^ 3438, 2950, 1702, 1642 and 1593 cm'\ ^HNMR(300MHz, 
CDCI3) 5 0.857 (s, 3 H, CI8.CH3), 2.289 (s, 3 H, C2I-CH3) and 5.669 (s, 1 H, C4-CH-). 
^'CNMR (CDCI3): 8 14.703, 23.901, 25.341, 25.714, 27.515, 27.615, 30.260, 30.765, 
33.470, 36.971, 39.086, 47.846, 50.696. 89.565 (C17), 122.015 (C4), 125.440(C10). 
145.632(C9). 157.339(C5), 199.824 (C3) and 21 1.201 (C20). MS (EI) m/z (relative 
intensity): 314 (M^, 100), 296 (13.6), 271 (58.0), 213 (67.0) and 91 (35.9). Anal. Calcd, 
forC2oH2603: C, 76.40; H, 8.34. Found: C, 76.23; H, 8.29. 

Step 2. 17a'Methox)hl9''norpregna'4,9'diene'3,20-dwne (93): 

A suspension of the 17a-hydroxy dienedione (92, 19 g, 31.80 mmol) in 
CH3CN (167 mL) was stirred magnetically under nitrogen. Methyl iodide (134 mL; freshly 
opened) was added and a solution formed immediately. Silver oxide (8.1 g, 35.0 mmol) 
was added, the joints were well-greased to prevent evaporation of methyl iodide, and the 
flask was wrapped in foil to protect the contents from ligjit. The mixture was brought to a 
gentle reflux and the reaction allowed to proceed overnight. The next morning, analysis by 
TLC (5% acetone in CH2CI2) indicated virtually all flie starting material had been converted 
to a single, less polar component. The reaction was allowed to cool to room temperature 
and filtered through a Celite filter cake on a sintered glass funnel. The filtrate was 
evaporated in vacuo to recover a thick syrup. Crystallization from boiling CH3OH afforded 
small white crystals. The crystals were collected on a Buchner funnel, triturated with cold 
CH3OH, and dried under vacuum to recover 5.74 g. Flash chromatography of the mother 
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liquors (5% acetone in CH2CI2) afforded 1.69 g of additional material. The total purified 
product recovered was 7.43 g of 93 as white crystals in 71.1% yield; m.p. = 154-155''C. 
FTIR (KBr, difiuse reflectance) v„„ 2952, 1704, 1660, 1614 and 1583 cm'. *HNMR 
(300 MHz, CDCI3) 8 0.739 (s, 3 H, CI8-CH3), 2.164 (s, 3 H, C2I-CH3), 3.141 (s, 3 H, 
C17a-OCH3) and 5.672 (s,lH.C4-CH=). "C NMR (CDCI3): 514.264,23.156,23.431. 
23.775. 25.547. 25.753. 26.431. 27.445. 30.755, 30.793. 37.054, 39.220, 47.243, 51.348. 
52.258. 96.714 (C17), 122.057 (C4), 125.228 (CIO), 145.588 (C9), 157.192 (C5), 199.637 
(C3) and 210.479(020). MS (EI) m/z (relative intensity): 328 (M*, 5.8), 285 (66), 253 
(64) and 213 (100). Anal. Calcd. for C21H28O3: C, 76.79; H, 8.59. Found: C, 76.64; H, 
8.59. 

St^ 3. 3, 3-Ethylenedioxy-17a^meihoxy-19-norpregna-5(10),9(ll)-dien-20-one 

(94): 

Under nitrogen, a mixture of the 17a-methoxydione (93, 17,0 g, 
51.76 mmol), triethylorthoformate (42.5 mL, 250 mmol), ethylene glycol (14 mL, 250 
nunol) and;?-toluaiesulfonic acid monohydrate (0.5 g, 2.6 mmol) in dry CH2CI2 (500 mL) 
was stirred at room tenqjerature for 2 hr. After that time, TLC (2% acetone in CH2CI2) 
indicated absence of starting matoial with formation of one major product. The reaction 
mixture was diluted with CH2CI2 (~200 mL) and washed with saturated NaHCOs solution 
(Ix), H2O (Ix) and brine. The organic fractions were filtered through anhydrous sodium 
sulfate, combined and concentrated in vacuo. Recrystallization of the residue fiom hot 
methanol containing a trace of pyridine gave 16.2 g of the pure 3-ketal 94 as a white solid 
in 84.1% yield; m.p. = 123-125°C. FITR. (KBr, diffuse reflectance) v„uvc 2927 and 
1705 cm-'. 'H NMR (300 MHz, CDCI3) 5 0.553 (s, 3 H, CI8-CH3), 2.147 (s, 3 H, C21- 
CH3), 3.147 (s. 3 H, C17a-OCH3), 3.983 (s, 4 H, C3-ketal) and 5.568 (br s. 1 H, C11-CH=). 
'^C NMR (CDCI3): 5 15.746, 23.123, 24.026, 24.570. 26.422. 27.972, 31.150, 31.298, 
31.839, 38.233, 41.238, 46.079, 47.391, 52.318, 64.325. 64.448, 96.792, 108.131, 117.907, 
126.081, 129.914 and 135.998 (signal/noise ratio obscured C20 at -210 ppm). Anal. Calcd. 
forC23H3204: C, 74.16; H, 8.66. Found: C, 74.16; H, 8.68. 

Step 4. 3^-Ethylenedia3cy-5a,I0a-epoxy-J 7a-methoj<y-19-norpregn-9(ll)-en-20- 
one (95): 

Hydrogen pwoxide (30% 3.0 mL, 29.3 mmol) was added to a vigorously 
stirred mixture of hexafluoroacetone trihydrate (4.0 mL, 28.7 mmol) in CH2CI2 (70 mL) 
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cooled to O^^C in an ice bath. After stirring at 0°C for i4 hr, solid Na2HP04 (2.1 g, 
14.8 mmol) was added followed by a solution of the 3-ketal (94, 7.0 g, 18.8 mmol) in 
CH2CI2 (70 mL), precooled to O^C. The mixture was then stirred at 5**C ovCTiight. The 
reaction mixture was diluted with CH2CI2 (--200 mL) and washed with 10% Na2S03 
5 solution (Ix) and H2O (2x). The organic fractions were filtered through anhydrous Na2S04, 
combined and concentrated in vacuo to give 7.29 g of 95 as a white foam in quantitative 
yield. Attempts to ciystallize out the 5a,10a-^poxide by trituration with ether/pentane or 
mixtures of CH2CI2 and pentane were imsuccessfiil. Analysis by NMR indicated a 4: 1 
mixture ofthe5a,10a- and the 5p,10p-epoxides. NMR (300 MHz, CDCI3): 8 0.554 (s, 
10 3 H, CI8-CH3), 2.139 (s, 3 H, C2I-CH3), 3.8 - 4.0 (m, 4 H, C3-ketal CHz's), 5.845 (m, 
0.2 H, CI 1-CH= of p-epoxide) and 6.034 (m, 0.8H, CI 1-CH= of a-epoxide). 

Step 5. 3,3-Ethylenedioxy'Sa'hydroxy-llfi'f4'(N^'^imeihyU^^ 
methoj(y'I9'norpregn-9(10)'en'2(f^ne (96a): 

Magnesium (2.49 g, 102.45 rtunol) was added to a 2.0 L, 3-neck flask with a 

15 mechanical stirrer, addition funnel and a condenser. The system was flushed with nitrogen 
and flame dried. After cooling, dry THF (100 niL) and 1,2-dibromoethane (0.2 mL) were 
added. The mixture was stirred under nitrogen and heated in a warm water bath until 
evidence of the reaction was observed A solution of 4-bromo-N,N-dimethylaniline 
(18.81 g, 94 mmol) in dry THF (100 mL) was then added via the addition fimnel and the 

20 mixture stirred and heated in a warm water bath until reaction initiated. Solid copper (I) 
chloride (1.86 g, 18.8 mmol) was added followed 14 hrlaterby a solution of the 4:1 epoxide 
mixture (95, 7.29 g, 18.8 mmol == assumed 5.47 g of the 5a,10a-epoxide (14.10 mmol)) in 
dry THF (125 mL). The reaction mixture was stirred at room temperature for 1.5 hr, then 
quenched by the addition of saturated NH4CI solution (250 mL). In order to oxidize Cu(I) 

25 to Cu(n), air was drawn through the reaction mixture for Vi hr with vigorous stirring. The 
mixture was then extracted with ether (3x). The organic fractions were washed with H2O 
(3x), combined, dried over anhydrous Na2S04 , filtered and concentrated in vacuo to give 
14.5 g of residue as a green-blue oil. This material was purified via Flash chromatography 
using CH2CI2 followed by 4% acetone in CH2CI2 to give 4.4 g of the pure compound 96a as 

30 a grey foam in 62.7% yield based on the 4: 1 a:P ratio. FTIR (KBr, difEuse reflectance) v^o^ 
3526, 2944, 1707, 1613, and 1518 cm NMR (300 MHz, CDCI3) 5 0.223 (s, 3 H, C18- 
CH3), 2.155 (s, 3 H, C2I.CH3), 2.894 (s, 6 H, N(CH3)2), 3.105 (s, 3 H, CHa-OCHs), 3.896 
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- 3.995 (m, 4 H, C3-ketal CHz's), 4.255 (m, 1 H, CI la-CH), 6.624 (d, 2 H, J = 9.0 Hz, 3', 5' 
aromatic-CH's), and 7.03 (d, 2 H, J = 9.0 Hz, 2\ & aromatic-CH's). Anal. Calcd. for 
C31H43NO5 I/5H2O: C, 72.54; H, 8.52; N, 2.73. Found: C, 72.36; H, 8.52; N, 2.52. 

Step 6 Preparation of the target compound 97a: 
5 Under nitrogen, a solution of the Grignard adduct (96a, 3.73 g, 7.32 nmol) 

in THF (40 mL) was treated with H2O (40 mL) and glacial AcOH (120 mL). Aft^ stirring 
overnight at room temperature, TLC (5% acetone in CH2CI2) indicated incomplete 
hydrolysis. The mixture was heated to ~ 50°C in a warm water bath for 1 hr, after which 
time TLC indicated a complete reaction. The mixture was cooled in an ice bath and 

1 0 neutralized with the addition of concentrated NH4OH (141 mL). The mixture was then 
fiirther diluted with H2O (-200 mL) and extracted with CH2CI2 (3x). The organic fractions 
were washed with H2O (2x), filtered through anhydrous Na2S04, combined and 
concentrated in vacuo to give 4.0 g of residue as a yellow foam. This material was purified 
by flash chromatography (3% acetone in CH2CI2) to give 1 .6 g of the pure title compound 

15 ( 97a) as a foam along with 1 .2 g of additional material contaminated with a by-product 
having a slightly higher Rf. Crystallization of the first fraction firom boiUng heptane 
afforded the pure title compound (97a, 1.2 g) as an off-white sohd in 36.6% yield; m.p. = 
I64-166°C. FTIR(KBr, diffiise reflectance) v„^ax2953, 1707, 1666, 1614, 1601 and 
1520 cm-^ NMR (300 MHz, CDCI3) 8 0.297 (s, 3 H, CI8-CH3), 2.18 (s, 3 H, C2I-CH3), 

20 2.903 (s, 6 H, N(CH3)2), 3.141 (s, 3 H, C17a.OCH3), 4.355 (d,.l H, J = 7.2 Hz, Clla-CH), 
5.745 (s, 1 H, C4-CH=), 6.638 (d, 2 H, J - 9.0 Hz, 3', 5' aromatic-CH's) and 6.994 (d, 2 H, 
J = 9.0 Hz, 2', & aromatic-CH's). MS (EI) miz (relative intensity): 447 (M^, 72.8), 
372(6.5), 251 (15.1), 134 (30.2) and 121 (100). 

Analysis by HPLC on a Waters Assoc. NovaPak Cig colunm eluted with 

25 MeOH/H20/Et3 N, 75:25:0.05 at a flow rate of 1 mL per min and X 302 nm indicated 
compound 97a to be 98.33% pure with tR of 9.00 min. Anal. Calcd. for 
C29H37NO3 I/I2H2O: C, 77.56; H, 8.34; N, 3.12. Found: C, 77.59; H, 8.34; N, 3.10. 

EXAMPLE 23 

This example illustrates the preparation and properties of Ha-Methoxy-l ip- 
30 [4-(N-piperidino)phenyl]-19-noipregna-4,9-diene-3,20-dione (97b) (Figure 6): 
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Step 1 3,3'Ethylenedwxy-5a'hydrojq^'17a'meihox)hllfi-[4'(N' 
piperidino)phenyl]'19'norpregna'5(10)y9(ll)-dien-20'On^ 

Magnesium (845 mg, 34.7 mmol) was added to a 500 mL, 3-neck flask 

equipped with a reflux condenser, a magnetic stirrer and a rubber septum.. A small crystal 

5 of iodine was added and the system flushed with nitrogen and flame dried. After cooling, 

dry THF (20 mL) and 1,2-dibromoethane (0.2 mL) were added. The mixture was stirred 

under nitrogen and heated in a warm water bath imtil evidmce of the reaction was 

observed. A solution of N-(4-bromoph«iyl)piperidine (Veradro, et al. Synthesis, 447-450 

(1991)) (8.35 g, 34.7 mmol) in dry THF (30 mL) was then added via syringe and the 

10 mixture stirred and heated in a warm water bath for 3 Vi hr. Solid copper ® chloride (688 
mg, 6.95 mmol) was added followed Vi hr later by a solution of the epoxide mixture (95, 2.7 
g, assumed 6.95 nunol) in dry THF (30 mL). The reaction mixture was stirred at room 
temperature for 45 min, then quenched by the addition of saturated NH4CI solution. In 
order to oxidize Cu (I) to Cu (U), air was drawn through the reaction mixture for 54 hr with 

15 vigorous stirring. The mixture was then extracted with CH2a2(3x). The organic fractions 
were washed with saturated NH4CI solution, H2O and brine, combined, dried over Na2S04, 
filtered and concentrated in vacuo to give 1 1 .3 g of the residue as a dark oil. The material 
was purified via flash chromatography (5% acetone in CH2CI2) twice to give 1.22 g of the 
Grignard adduct 96b as a white foam m 32% yield; m.p. = 126 - 131°C (dec). FTIR (KBr, 

20 diffuse reflectance) v^ax 3523, 2938, 1707, 1610, 151 1 and 1447 cm'\ NMR (300 MHz, 
CDCI3) 5 0.207 (s, 3H, C18-Me), 1.682 (m, 6 H, -(CH2)3- of piperidine), 2.147 (s, 3H, C21- 
CH3), 3.103 (s, 3 H, C17a-OCH3), 3.05 - 3.2 (m, 4 H, -N(CHb)2-), 3.8 - 4.05 (m, 4 H, C3- 
ketal), 4.23 (m, 1 H, CI la-CH) and 6.78 - 7.05 (dd, 4 H, aromatic-CH's). MS (EI) m/z 
(relative intensity): 549 (M^, 59.7), 531 (18.1), 174 (20.8), 161 (100) and 99 (11.1). Anal. 

25 Calcd. for C34H47O5N: C, 74.28; H, 8.62; N, 2.55. Found: C, 73.45; H, 8.51; N, 2.53. 

Step 4. Preparation of the target compound 97b: 

Under nitrogen, a solution of the Grignard adduct (96b , 1.0 g, 1.81 mmol) in 
THF (10 mL) was treated with H2O (10 mL) and glacial HOAc (30 mL). After stirring 
overnight at room temperature, TLC (5% acetone in CH2CI2) indicated incomplete 
30 deketalzation and dehydration. The reaction mixture was heated to '-50*'C in a warm water 
bath for 2 hr, after which time TLC indicated a complete reaction. The mixture reaction 
was cooled in an ice bath and neutralized with the addition of concentrated NH4OH 
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(-35 mL). The mixture was then furfho- diluted with H2O (~1 00 mL) and extracted with 
CH2CI2 (3x). The oisanic fractions were washed with H2O, brine, combined, dried over 
Na2S04, and concentrated in vacm to give 900 mg of foam. The crude material was 
purified by flash chromatography (5% acetone in CH2CI2) to give 630 mg of the target 
compound 97b as a foam. Reoystallization of the confound 97b fix>m EtOH afiforded 
325 mg of the target compound 97b as an oflf-white solid in 35.7% yield. HPLC analysis of 
97b on a Waters NovaPak Cis column eluted witii MeOH/HiO (80:20) with 0.05% EtjN at 
a flow rate of 1 mL/min and X = 260 nm indicated this compound to be 97.7% pure. FTIR 
(KBr, difRise reflectance) v„« 2934, 1708, 1665, 1610 and 1512 cm\ NMR (300 MHz, 
CDCI3) 8 0.273 (s, 3 H, C18-CH 3), 2.174 (s, 3 H, C21-CH 3), 3.139 (s, 3 H, C17a-OCH3). 
4.35(d, 1 H, Clla-CH), 5.746 (s, 1 H, C4-CH=) and 6.8 - 7.0 (dd, 4 H, aromatic-CH's). 
MS (EI) m/z (relative intensity): 487 (84.3), 412 (4.3), 318 (8.6), 251 (7.14), 206 (1 1.4), 
174 (15.7) and 161 (100). Anal. Calcd. for C32H41O3N: C, 78.85; H, 8.42; N, 2.87. Found: 
C, 78.00; H, 8.37; N, 3.00, 

EXAMPLE 24 

This example illustrates the preparation and properties of 17a,21-Diacetoxy- 
lip-[4-(N-piperidino)phenyl]-19-norpregna-4,9-diene-33-dione (106a) (Figure 7): 

Step 1. 3, 3-EtItylenedioxy-17fi-cyano-17a'trimethylsifyloxyesttra-S(10),9(ll)- 
diene (9^: 

Under nitrogen, pyridme (136.9 g, 1740 mmol) solution of the cyauohydrin 
ketal (98, 25 g, 73.22 mmol) was treated with chloiotrimefliylsilane (44g, 394 mmol). The 
mixture was stirred at room teniperature overnight. The reaction mixture was poured into a 
50:50 mixture of ice/saturated NaHCOa solution (-1.2 L), stirred until the ice had melted, 
and extracted with hexane (3x). The organic extracts were washed with H2O (3x), brine 
(Ix), combined, dried over anhydrous Na2S04, and concentrated in vacuo. The remaining 
pyridine was azeotropically removed in vacuo with heptane. Crystallization of the residue 
from pentane gave 26.1 g of the pure silyl ether (99) as a white solid in 86.2% yield; m.p. = 
99 - 101°C. Fim (KBr. diffuse reflectance) v,nax 2944, 2908, 2231 and 1253 cm'*. NMR 
(300 MHz, CDCI3) 8 0.229 (s, 9 H, C17a-OSi(CH3)3). 0.894 (s, 3 H, CI8-CH3), 3.987 (s, 4 
H, 3-OCH2CH2O) and 5.615 (t, 1 H, J = 2.55 Hz, C11-CH=). MS (ET) m/z (relative 
intensity): 413 (M^, 100.0), 398 (5.5), 385 (24.0), 371 (6.4), 237 (33.9) and 69.3 (86.0). 
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Step 2. 5, S-^Ethylenedioxy-SajlOa-epoxy-llp'^anO'lla'^trimethybU^ 
9(ll)'ene (100): 

Hydrogen peroxide (30%, 12 mL, 1 17.12 mmol) was added to a vigorously 
stirred mixture of hexafluoroacetone trihydrate (20.20 g, 1 12.5 mmol) in CH2CI2 (185 mL) 
5 cooled to O'^C in an ice bath. The reaction mixture was stirred at 0°C for 54 hr, and solid 
NaaHPOn (1 Ig, 77.5 ramol) was added followed by an ice-cold solution of the silyl ether 
(99, 25 g, 60.44 mmol) in CH2CI2 (185 mL). The mixture was then stirred at 0°C for 5 hr, 
then at 5°C overnight Analysis by TLC (5% acetone in CH2CI2) at that time indicated a 
complete reaction. The reaction mixture was diluted with CH2CI2 (^-200 mL) and washed 

10 with 10% Na2S03 solution (Ix), H2O (Ix) and brine (Ix). The organic fractions were 
filtered through anhydrous sodium sul&te, combined and concentrated in vacuo. 
Trituration of the residue with ether afforded 16.66 g of the pure 5a,10a-epoxide (100) as a 
white solid in 64. 16% yield; m.p. 156 - 160°C. FTIR (KBr, difRise reflectance) v,^ 2955, 
and 2228 cm'^ NMR (300 MHz, CDCI3) 8 0.219 (s, 9 H, OSi(CH3)3), 0.894 (s, 3 H, C18- 

15 CH3), 3.85 - 3.97 (s, 4 H, CS-OCH^p) and 6.082 (t, 1 H, J = 2.6 Hz, CI 1-CH=). 

MS(EI) m/z (relative intensity): 429 (]Vf^, 18.5), 401(2.8), 343 (11.1), 238 (9.5), 99 (100.0) 
and 86 (36.2). 

Step 3. 3,3'Ethylenedioxy'5a-hydroxy-lJfi'f4-(N'piperUino)phenyl^^^ 
ITa-trimethyl- silyloxyestr-P-ene (101a): 

20 Magnesium (0.95 g, 39. 1 mmol) was added to a 500 mL, 3-neck flask 

equipped wifli a magnetic stirrer, rubber septum and a condenser. A crystal of iodine was 
added followed by dry THF (50 mL) and two drops of 1,2-dibromoethane. A solution of N- 
(4-bromophenyl)piperidine {see, EXAMPLE 23, Step 1) (10.24 g, 42.64 mmol) in dry THF 
(50 mL) was then added, and the mixture was stirred under nitrogen and heated to reflux for 

25 1 hr. At the end of that time, all of the magnesium metal had reacted. The reaction was 
allowed to cool to room temperature, and solid copper (I) chloride (0.7 g, 7.07 mmol) was 
added followed V2 hr later by a solution of the 5a,10a-epoxide (100, 5.55 g, 12.92 mmol) in 
diy THF (50 mL). The mixture was stirred at room temperature for 1.5 hr. Analysis by 
TLC (5% acetone in CH2CI2) of a small aliquot quenched with NH4CI solution and 

30 extracted with EtOAc indicated a complete reaction. The reaction mixture was cooled in an 
ice bath and quenched by the addition of saturated NH4CI solution (1 5 mL). The reaction 
mixture was allowed to waim to room temperature, and air was drawn through the reaction 
mixture for 14 hr to oxidize OxQ) to Cu(II). The mixture was extracted wtih CH2CI2 (3x) 
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and the organic fractions washed with H2O (3x). The organic fractions were combined, 
dried over anhydrous Na2S04, filtered and concentrated in vacuo. Trituration of the residue 
with pentane gave 7.37 g of 101a as an off-white soUd in 97% yield.; m.p. = 127 - 
FTIR (KBr, diffuse reflectance) 3510, 2945, 2228, 1611 and 1510 cm"^ NMR (300 
5 MHz, CDCI3) 6 0.241 (s, 9 H, 17a-OSi(CH3) 3, 0.533 (s, 3 H, C18-CH3), 3.107 (t, 4 H, J = 
5.6 Hz, piperidine a-CHa's), 3,884 - 4.043 (s, 4 H, C3-OCg2CH20) 4.284 (d, IH, J = 
6.9 Hz, CI la-CH), 6.83 1 (d, 2H, J ^ 8.7 Hz, 3', 5' aromatic-CH^s) and 7.060 (d, 2H, J - 
8.7Hz,2',6*aromatic-CH*s). MSCBI) m/z (relative mtensity): 590 (1^,38.1), 572 (10.3), 
320 (4.0), 174 (12.1), 161 (100.0), 100 (1.7), 99 (7.8) and 71 (7.0) Anal. Calcd. for 
10 C35H5oN204Si-l/3C5Hu: C, 71.61; H, 8.85; N, 4.56. Found: C, 71.79; H, 8.89; N, 4.49. 

Step 4. 17p-cyano^llfi'[4'(N'-'piperidino)phenylJ'17a''hydro^ 
(102a) : 

A solution of the Grignard adduct (101a, 7.27 g, 12.3 nunol) was dissolved 
in THF (25 niL) and the system was flushed with nitrogen. Glacial acetic acid (75 mL) and 

1 5 H2O (25 mL) were added and the mixture was heated to 65°C for 3 hr. Analysis by TLC 
(5% acetone in CH2CI2) at that time indicated a complete reaction. The mixture was cooled 
to O^'C in an ice bath and the acetic acid was neutralized by slow addition of concentrated 
NH4OH solution (28%, -90 mL) to a final pH of -8 by pH paper. The mixture was diluted 
with H2O and extracted with CH2CI2 (3x). The organic fiiactions were washed with H2O 

20 (3x), filtered through anhydrous Na2S04, combined and concentrated in vacuo. Trituration 
of the residue with ether gave 3.8 g of the cyanohydrin (102a) as a white crystalline solid. 
The mother liquors were concentrated and purified by flash column chromatography (5% 
acetone in CH2CI2) to afford an additional 0.65 g of 102a after trituration with pentane. 
Total yield of the cyanohydrin (102a) was 4.45 g in 79.2% yield; m.p. = 205 - 208'*C. 

25 FTIR (KBr, diffuse reflectance): Vn^^ 3436, 321 1, 2939, 2855, 2234, 1658, 1634, 1609 and 
1512 cm"\ NMR(300MH2,CDGl3): 8 0.641 (s, 3 H, CI8-CH3), 3.125 (t, 4H, J = 5.7Hz, 
piperidine a-CH2's), 4.427 (d, 1 H, J = 5.1 Hz, CI la-CH), 5.782 (s, 1 H, C4-CH=), 6.862 
(d, 2 H, J = 9 Hz, 3', 5' aromatic-CH's) and 7.031 (d, 2H, J = 9 Hz, 2', & aromatic-CH's). 
MS (EI) m/z (relative intensity): 456 (M*, 0.3), 429 (61.1), 401 (1.5), 174 (6.9), and 161 

30 (100.0). Anal. Calcd. for C3oH36N202-l/10H20: C, 78.60; H, 7.96; N,6.11. Found: C, 
78.64; H,7.94;N, 6.11. 
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Step 5, 17fi'Cyano-llfi'f4'(N'piperidino)phenylJ''17a'' 

chloromeihyldimethylsUyloxyestra'4y9'dien-3-one (103a) : 

Under nitrogen, a solution of the cyanohydrin (102a, 4.39 g, 9.61 mraol) and 

dimethylarainopyridine (0.4 g, 3.27 mmol) in dry THF (50 mL) and triethylamine (1.8 g, 

5 17.79 nmol) was treated with chloromethyldimethylsilyl chloride (2.0 mL = 2.17 g, 

15.18 mmol). After stirring overnight at room temperature, TLC (2% acetone in CH2CI2) 

indicated a complete reaction. The reaction was diluted with ether (50 mL) and stirred for 

an additional 14 hr. The resulting suspension was filtered through CeUte and the filtrate 

concentrated in vacuo. The residue was taken up in ether/CHaCh (9:1) and the 

1 0 solutiou/suspension was passed through a silica gel flash chromatography column using 
ether as eluent. Fractions containing fhe product were combined and concentrated in vacuo 
to give 5.4 g of the chloromethyl silyl ether (103a) as a white foam in quantitative yield. 
Attempts to crystallize or soldify the crude product using a variety of solvents were 
unsuccessful. This material was used in the subsequent reaction without further 

15 purification. NMR (300 MHz, CDCI3): 5 0.403 and 0.410 (both s, 6 H, OSi(CH3)2), 0.607 
(s, 3 H, CI8-CH3), 2.904 (s, 2 H, (C3l3)2SiCH2Cl), 3.123 (t, 4 H, J = 5.6 Hz, piperidine a- 
CH2's), 4.399 (d, 1 H, J = 6 Hz, CI la-CH), 5.775 (s, 1 H, C4-CH=), 6.863 (d, 2 H, J = 8.6 
Hz, 3', 5' aromatic-CH^s) and 7.027 (d, 2 H, J = 8.6 Hz, 2\ & aromatic-CH's). 

Step 6* 17a-Hydroxy-llp-[4'(N-piperidino)phenyl]'21'ChlorO'19-norp^ 
20 diene'3,20'dione (104a) : 

Under nitrogen and anhydrous conditions, a solution of the chloromethyl 

silyl ether (103a , 5.1 g, 9.05 mmol) in dry THF (150 mL) was cooled to -78'*C, and treated 

dropwise with a 2.0 M solution of lithium diisopropylamide (LDA) in THF/heptane 

(19 mL, 38 mmol). The reaction was stirred at -78°C for 2 hr and then quenched at -78°C 

25 by the slow addition of 4 N HCl (100 mL, 400 mmol). The mixture was allowed to wann 
and stirred at room temperature for 1 hr. The reaction was cooled to O^C and the excess 
acid was neutralized by slow addition of concentrated NH4OH solution (-25 mL). The 
reaction mixture was diluted with H2O (-100 mL) and extracted with CH2CI2 (3x). The 
organic fractions were washed with H2O (2x), filtered through anhydrous Na2S04, 

30 combined and concentrated in vacuo to give 5.6 g of a residue as a yellow foam. 

This material was triturated with EtOAc to give 2.64 g of the pure 21-chloro 
product (104a ) as a yellow solid. Concentration of the mother liquors followed by flash 
column chromatography (7.5% acetone in CH2CI2) and trituration with EtOAc gave an 
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additional 0.54 g of the product. Total yield of the 2I-chloro intennediate (104a) was 
3 . 1 8 g in 69. 1 7% yield; m.p. = 23 1 - 234°C. FITR (KBr, difiuse reflectance): v^ax 3395, 
2939, 1730, 1649, 1602 and 1512 cm'^ NMR (300 MHz, CDCI3): 5 0.382 (s, 3 H, C18- 
CH3), 3.104 (t, 4 H, J = 5.4 Hz, piperidine a-CHz's), 4.343 and 4.614 (dd, 25 H, J = 
5 16.5 Hz, C2I-CH2), 4.380 (d, 1 H, J = 6.0 Hz, CI la-CH), 5.762 (s, 1 H, C4.CH=), 6.826 
(d, 2 H, J = 8.9 Hz, 3', 5' aromatic^CH's) and 6.981 (d, 2 H, J = 8.9 Hz, 2\ & aromatic- 
CH*s). MS(EI) wJz (relative intensity): 507 (M^, 23.7), 471 (18.0), 318 (6.5), and 161 
(100.0). Anal. Calcd. for C31H38CINO3 I/6CH2CI2: C, 71.06; H, 743; N, 2.66; CI, 8.98. 
Found: C, 71.06; H, 7.55; N, 2.73; CI, 8.78. 

10 Step 7. 17a-Hydroxy'llfi-[4'(N-piperidino)phenylJ-21-acetoxy^ 

diene-3,20'dione (105a) : 

The 21-chloro intermediate (104a , 3.0 g, 5.9 mmol) and anhydrous 
potassium acetate (6.0 g, 61.14 mmol) in dry CH3CN (75 ml) was heated to reflux under 
nitrogen and monitored by TLC (10% acetone in CH2CI2) which indicated a complete 

1 5 reaction after 3 hr. The reaction mixture was cooled to room temperature, diluted with 

CH2CI2 (--50 mL), filtered and concentrated in vacuo to give 4.1 g of flie residue as a yellow 
solid. This material was crystallized from CH2CI2 / acetone to give 2.63 g of the pure 17a- 
ol-21-acetate (105a) as an oflF-white solid in 83.8% yield; m.p. = 277 - 28rC. FTIR (KBr, 
diffuse reflectance): v„,ax 3440, 2937, 1742, 1727, 1648, 1601 and 1513 cm\ NMR 

20 (300 MHz, CDCI3): 5 0.379 (s, 3 H, CI8-CH3), 2.174 (s, 3 H, C21-0Ac), 3.101 (t, 4 H, J = 
5.4 Hz, piperidine a-CH2*s), 4.376 (d, 1 H, J = 6.6 Hz, CI la-CH), 4.864 and 5.106 (dd, 2 H, 
J = 17.3 Hz, C2I-CH2), 5.762 (s, 1 H, C4-CH=), 6.836 (d, 2 H, J = 9 Hz, 3\ 5' aromatic- 
CH*s) and 7.016 (d, 2 H, J = 9 Hz, 2', & aromatic-CH*s). MS(EI) m/z (relative intensity): 
531 (M^, 28.3), 513 (2.9), 501 (3.2) , 471 (7.4), 174 (11.6) and 161 (100.0). Anal. Calcd. 

25 for C33H41NO5 I/5CH2CI2: C, 72.68; H, 7.61; N, 2.55. Found: C, 72.73; H, 7.53; N, 2.70. 

Step 8. Preparation of the target compound 106a : 

A mixture of trifluoroacetic anhydride (7.9 g, 37.6 mmol) and glacial acetic 
acid (2.21 g, 36.7 mmol) in dry CH2CI2 (25 mL) was stirred at room temperature under 
nitrogen for 1 hr. p-Toluenesulfonic acid monohydrate (0.79 g, 4.15 mmol) was added, and 
30 the mixture was cooled to 0°C in an ice bath. A solution of the 17a-ol-21 -acetate (105a, 
2.0 g, 3.76 nunol) in dry CH2CI2 (35 mL) was added and the reaction mixture stirred at 0°C 
for 2.5 hr. Assays by TLC (5% acetone in CH2CI2) at that time indicated >90% of the 
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starting material had been consumed H2O (--10 mL) was added and the reaction stirred at 
0°C for 10 min. Additional H2O (-50 mL) was added and the reaction allowed to warn to 
room temperature. The pH of the reaction mixture was carefully adjusted to 9.0 with 
concentrated NH4OH and the mixture was extracted with CH2CI2 (3x). The organic 
5 fractions were washed with H2O (2x), brine (Ix), filtered through anhydrous Na2S04, 
combined and concentrated in vacuo to give 2.3 g of a yellow foam. Purification of this 
crude 106a by flash chromatographies (7.5% acetone in CH2CI2) followed by crystallization 
from ether gave the 17a,21-diacetate 106a in two crops, both as white crystalline solids. 
Crop 1 (0.68 g), m.p. = 188 - 189°C. Crop 2 (0.672 g). m.p. = 186 - 188°C. Total was 

10 1 .352 g in 62.6% yield Analysis of 106a by HPLC on a Water Associates NovaPak Cis 
elutedwithCH sO^/O.OS MKH2P04|pH== 3.0] at a flow rate of 1 mL per minute and 
302 nm) indicated the first crop to be 99.1% pure and the second crop to be 98.1% pure. 
FTIR (KBr, difiiise reflectance): Vtnax 2939, 2858, 2793, 1748, 1729, 1669, 1600 and 1509 
cm-^ NMR (300 MHz, CDCI3): 5 0.417 (s, 3 H, C18-CH 3), 2.125 (s, 3 H, C17a-0Ac), 

15 2.168 (s, 3H, C21-0AC), 3.104 (t, 4 H, J = 5.35 Hz, piperidine a-CHj's). 4.386 (d, 1 H, J = 
6.6 Hz, Clla-CH), 4.403 and 4.946 (dd, 2H, J = 16.8 Hz, C21-CHbOAc), 5.781 (s, 1 H, 
C4-CH=), 6.832 (d, 2 H, J = 9 Hz, 3', 5' aromatic-CH's) and 7.01 1 (d, 2 H, J = 9 Hz, 2\ G 
aromatic-CH's). MS (EI) miz (relative intensity): 573 (M^, 46.3), 513 (11.5), 174 (10.4) 
and 161 (100.0). Anal. Calcd. for C35H43NO6: C, 73.27; H, 7.55; N, 2.44. Found: C, 

20 73.18; H, 7.60; N, 2.50. 

EXAMPLE 25 

This example illustrates the preparation and properties of 1 7a,21-Diacetoxy- 
1 ip-(4-acetylphenyl)19-noipregna-4,9-diene-3;20-dione (106b) (Figure 7): 

Step 1. 3,3'Ethylenedioxy-5a'hydrojq^-Jip-[4'(2-methy^ 
25 yl)phenylJ'17fi'(yano-17a'Mmethybilyloxyestr'9'ene (101b) : 

Under nitrogen and in flame-dried glassware, dry THF (240 mL) was added 

to magnesium turnings (2.3 g, 94.6 mmol). Solid bromoacetophenone ketal {see, 

EXAMPLE 20, Step 1) (20.79 g, 85.5 mmol) was added and the mixhire heated to refux. 

After 54 hr of reflux, evidence of Grignard formation such as cloudiness and color change 

30 was observed. Heating was discontinued and the mixture stnxed for 1 hr, after which time 

most of the magnesium had reacted and a substantial amount of the precipitated Grignard 
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ragent was observed. Solid CuCl (4 g, 40.4 mmol) was added and the mixture was stirred at 
room temperature for 15 mm, after which time the solid reagent went back into solution. A 
solution of the 5a,10a-epoxide (100, 17.5 g, 40.73 mmol) in THF (150 mL) was added and 
the reaction mixture was stirred at room temperature for 1 hr. After that time, TLC (5% 
5 acetone in CH2CI2) of a small aliqout qumched with saturated NH4CI solution indicated a 
complete reaction. The reaction was quenched by tiie addition of saturated NH4CI solution 
(--50 mL). In order to oxidize Cu(I) to Cu(II), air was drawn through the reaction mixture 
for hr. The resulting blue mixture was diluted with ether (500 mL) and washed with H2O 
{2xX brine (Ix), dried over anhydrous Na2S04, filtered and concentrated in vacuo to give 

10 41 g of the residue as an oil. Crystallization of this crude material fi-om ether gave the pure 
101b (23.0 g) as a white solid in 95% yield; m.p. - 192 - 193^C. FTIR (KBr, difiuse 
reflectance): Vnv« 3515, 2951, 2884, 2230, 1619, 1505 and 1102 cm'\ NMR(CDCl3): 
5 0.25 (s, 9 H, Si(CH3)3), 0.5 (s, 3 H, CI8-CH3), 1.67 (s, 3 H, Clip-(acetophenone ketal 
CH3), 3.67 - 4.17 (m, 8 H, C3- OCH2CH2O.), 4.37 (m, 2 H, Clla-CH plus OH), 7.17 (d, 

15 2 H, J = 9 Hz, 2\ & aromatic-CH's) and 7.37 (d, 2 H, J = 9 Hz, 3', 5' aromatic-CH*s). MS 
(EI) m/z (relative intensity): 593 (IVT, 3.6), 578 (6.0), 575 (9.1) , 560 (2.5), 366 (5.2) , 99 
(27.3) and 87 (100.0). Anal. Calcd. for C34H47N06Si: C, 68.77; H, 7.98; N, 2.36. Found: 
C, 68.69; H, 7.87; N, 2.43. 

Step 2. 1 jp-cyano-l 7a-hydrojq^''llfi''(4-acetylphenyl)-estra-4,9-dien'3'One 
20 (102b): 

A solution of the Gxignard adduct (101b, 23 g, 38.7 mmol) was dissolved in 

THF (100 mL) and the system was flushed with nitrogen. Glacial acetic acid (3 14.7 g, 

524 mmol) and H2O (100 mL) were added and the mixture was stirred overnight at room 

temperature. At that time, TLC (10% acetone/CH2Cl2) mdicated an incomplete reaction. 

25 The reaction mixture was then heated to reflux for 1 hr, after which time TLC indicated a 

complete reaction. 

The volatiles were removed in vacuo at 50''C and the residue diluted with 
H2O (-250 mL) and saturated NaHCOa solution (~125 mL). The subsequent precipitate 
was extracted with EtOAc (5x) with some difficulty in that the crude product was relatively 
30 insoluble in most solvents used. The organic fractions were washed with H2O (2x), brine 
(Ix), combined, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. 
Trituration of the residue with ether gave the cyanohydrin (102b, 16.3 g) as a light yellow 
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solid in 100% yield; ni.p. = 141 - 143°C (dec). FTIR (KBr, diffuse reflectaace): Vnax 3362, 
2966, 2946, 2232, 1619, 1730, 1658 and 1600 cm\ NMR (CDCI3 + d^ DMSO): 5 0.57 (s, 
3 H, ClS-CHs), 2.60 (s, 3 H, Cllp-(4-phenyl-C(0)CH3), 4.57 (br s, 1 H, Clla-CH), 5.80 
(s, 1 H, C4-CH=), 7.40 (d, 2 H, J = 9 Hz, 2', 6* aromatic-CH's) and 7.97 (d, 2 H, J = 9 Hz, 
5 3', 5' aromatic-CH's). MS(EI) m/z (relative intensity): 415 (M^,0.5), 404 (0.4), 388 (100.0), 
292 (65) and 97 (51.0). Anal. Calcd. for CarHic^NOs'l/SHaO: C, 76.93; H, 7.09; N, 3.32. 
Found: C, 77.04; H, 6.99; N, 3.45. 

Step 3. lip-(4-acetylphenyl)'l Jp-tyano-l Ja-bromethyldimethylsttyloxyestra- 4,9- 
dien-S-one (103b): 

10 Under nitrogen, a solution of the cyanohydrin (102b, 15 g, 36.12 nnnol), 

EtsN (6.53 g, 64 mmol) and DMAP (2.6 g, 21.3 mmol) in dry THF (180 mL) was treated 
with bromomethyldimethylsilyl chloride (9.70 g, 54 mmol). The mixture was stirred 
overnight at room temperature, diluted with ether (500 mL), filtered through Celite and 
concentrated in vacuo. The relative insolubility of this material (103b) precludes 

15 chromatographic purification useing ether as eluent. The crude material (103b) was used 
directly in the subsequent reaction without further purification or characterization. 

Step 4. 17a-Hydroxy'llfi-(4'acetylphenyl)-21-brotnO'19'norpregna^ 4,9''dien'3' 
one (104b) : 

Under anhydrous conditions and using a mechanical stirrer, a solution of the 
20 silyl ether (103b) (assumed 20.34 g, 36. 12 mmol) in dry THF (500 mL) was cooled to - 
78°C and treated dropwise Avith a 1.5^ solution of lithium diisopropylamide (LDA) in 
cyclohexane (100 mL, 150 mmol). After 1 hr, the reaction mixture became very viscous, 
ahnost a gel. The reaction was quenched at -78''C by addition of 4.45 M HBr (500 mL, 
890 mmol) and the mixture allowed to wami to room temperature. After stirring at room 
25 temperature for 1 hr, the excess acid was neutralized by slow addition of concentrated 
NH4OH solution (--60 mL). The mixture was further diluted with H2O (--200 mL) and 
extracted with CH2CI2 (3x). The organic firactions were washed with H2O (3x), combined, 
filtered through Na2S04 and concentrated in vacuo to give 20 g of the residue as a foam. 
This material was purified via flash chromatography eluted with (10% acetone hi CH2CI2) 
30 to give 2.6 g of tiie 21-bromo product (104b) as a white solid in 14.1% yield. FTIR (KBr, 
diffuse reflectance): v^ax 3340, 2946, 1723, 1693, 1679, 1645 and 1601 cm'\ NMR 
(CDCI3): 8 0.33 (s, 3 H, CI8-CH3), 2.19 (s, 3 H, llp-(4-phenyl-C(0)CH3), 4.30 - 4.70 (m. 
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3 H, CI la-CH and C21-CH2Br), 5.83 (s, 1 H, C4-CH-), 7.33 (d, 2 H, J = 9 Hz, 2', 6' 
aromatic-CH's) and 7.93 (d, 2 H, J = 9 Hz, 3', 5* aromatic-CH's). MS (EI) m/z (relative 
intensity): 512 (M*,24.1), 466 (100), 432 (48.5), 431 (48.5), 430 (86,4), 371 (71.9) and 91 
(76.0). 

Step 5, IJa-Hydroxjh liP'(4-acetylphenyl)' 21-acetoxy'19'norpregna'4,9'diene'' 
3,20-dione(105b): 

A mixture of the 21-bromo drivative (104b, 2.5 g, 4.89 nrniol), anhydrous 
KOAc (20 g, 203.8 mmol) in dry CH3CN (100 mL) was heated to reflux under nitrogen. 
After 2 hr, TLC (10% acetone in CH2CI2) indicated a complete reaction. The reaction 
mixture was cooled to room temperature, filtered and concentrated in vacuo to give 2.6 g as 
a foam. This material was purified via flash chromatography (12% acetone in CH2CI2) 
followed by cyrstallization fi-om EtOAc to give 1.5 g of the pure 17a-ol-21 -acetate (lOSb) 
as a light yellow soUd in 62.6% yield; m.p. = softens at 1 10°C. FTIR (KBr, diffuse 
reflectance): v^ax 3467, 2948, 1749, 1727, 1727, 1681, 1380, 1664 and 1603 cm^^ NMR 
(CDCI3): 5 0.31 (s, 3 H, CI8-CH3), 2 .15 (s, 3 H, C17a-OC(0)CH3), 2.57 (s, 3 H, lip-4- 
phenyl-C(0)CH3), 4.5 (br d, 1 H, Cl la-CH), 5.01 (dd, 2 H, Ji= 18.7 Hz, J2 = 18 Hz, 021- 
CHfeOAc), 5.81 (s, 1 H, C4-CH=), 7.34 (d, 1 H, J = 8.2 Hz, 2\ & aromatic-CH's), 7.35 (d, 
1 H, J = 6.8 Hz, 2\ & aromatic-CH's) and 7.93 (d, 2 H, J = 8.2 Hz, 3*, 5' aromatic-CH's). 
MS (EI) m/z (relative intensity): 490 (IVf, 88.0), 430 (100.0), 344 (80,0), 236 (44.0), and 
91(55.0). Anal. Calcd. for C3oH3406-l/5CH2Cl2: C, 70.99; H, 6.79. Found: C, 70,83; H, 
6.65. 

Step 6. Preparation of the target compound 106b : 

Under nitrogen trifluoroacetic anhydride (11.15 g, 53.2 mmol), glacial acetic 
acid (3.25 g, 54.2 mmol) in dry CH2CI2 (35 mL) were combined and stirred at room 
temperature for V2 hr. /)-Toluenesulfonic acid monohydrate (0.5 g, 2.63 mmol) was added 
and the reaction mixture was cooled to 0°C in an ice bath. A solution of the 1 7a-ol-21- 
acetate (105b, 1 .28 g, 2.61 mmol) in dry CH2CI2 (10 mL) was precooled to O^C and then 
added. The reaction mixture was stirred at 0°C. After 45 min, TLC (10% acetone in 
CH2CI2) indicated a complete reaction. The mixture was quenched at 0°C with 
concentrated NH4OH solution (-10 mL, -148 mmol), allowed to warm to room 
temperature, and diluted with H2O (-50 mL). The pH of the aqueous fraction was adjusted 
to 5 with concentrated NH4OH solution and the mixture extracted with CH2CI2 (3x). The 
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organic fractions were washed with H2O (3x), combined, dried over anhydrous Na2S04 , 
filtered and concentrated in vacuo to give 1.8 g of the crude product as a foam. The crude 
material was purified via flash chromatography (5% acetone in CH2CI2) to give 1.1 g of the 
purified diacetate (106b) as a foam. Crystallization of this foam from EtOAc / heptane 
5 afforded 0.78 g of the pure solid (106b) as a white crystalline soUd in 56.1% yield.; m.p. = 
197 - 199**C. Reverse phase HPLC analysis onPhenomenex Prodigy 5 ODS-2 column 
eluted with H2O/CH3CN, 1:1 at a flow rate of 1 iniyniin and at X = 302 imi indicated this 
material to be >99% pure with a retention time (tn) of 5.6 mm. FTIR (KBr, diffuse 
reflectance): v^ax 2951, 1757, 1678, 1664 and 1604 cm'K NMR (CDQa): 8 0.33 (s, 3 H, 

10 CI8-CH3), 2 .07 (s, 3 H, C17a-OC(0)CH3), 2.10 (s, 3 H, C21-0Ac), 2.50 (s, 3 H, CI lp-4- 
phenyl-C(0)CH3), 4.43 (m, 1 H, CI la-CH), 4.77 (dd, 2 H, Ji= 32.9 Hz, J2 = 14,9 Hz, C21- 
CH2OAC) , 5.77 (s, 1 H, C4-CH=), 7.23 (d, 2 H, J = 8 Hz, 2\ G aromatic-CH's), and 7.83 
(d, 2H, J = 8 Hz, 3', 5' aromatic-CH's). MS (BI) m/z (relative intensity): 532 (ivf , 6.2), 472 
(17.3), 412 (1 L3), 371 (100.0) and 91 (14.3). Anal. Calcd. for C32H3607-1/7H20: C, 71.81; 

15 H, 6.83. Found: C, 71.89; H, 6.87. 

EXAMPLE 26 

This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 
(4-acetylphenyl)-21-thioacetoxy-19-norpregna-4,9-diene-3,20-dione (106c) (Figure 7): 

Step L 17a'Hydroxy-llfi''(4'acetylphenyl)'2J-thioacetoxy'19'n^ 
20 diene-S^IO-dione (105c) : 

A mixture of the 21-bromo derivative (104b, 5.746 g, 1 1.23 mmol), sodium 

iodide (16.84 g, 1 12.3 mmol), potassium fhioacetate (12.83 g, 1 12.3 mmol) in dry acetone 

(600 mL) was heated to reflux under nitrogen. After 4 hr, TLC (50% EtOAc in hexanes) 

indicated a complete reaction. The reaction was cooled to room temperature, filtered, 

25 concentrated in vacuo, diluted with H2O (-200 mL) and extracted witii CH2CI2 (3x). The 
organic j&actions were washed with H2O (Ix) and brine (Ix), combined, dried over 
anhydrous sodium sulfete, concentrated in vacuo to give the crude product as a yellow 
foam. This material was purified by flash chromatography (50% EtOAc in hexanes) 
followed by ciystallization from EtOAc/hexanes to afford the pure 17a-ol-21-thioacetate 

30 ( 105c , 3.25 g, 57. 1%) as a white crystalline solid; m.p. = 159 - 160°C. FTIR (KBr, diffuse 
reflectance): v„^ 3325, 2950, 1723, 1688, 1637 and 1590 cm'\ NMR (CDCI3): 6 0.33 (s. 
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3 H, CI8-CH3), 2.4 (s, 3 H, C21-SC(0)CH3), 2.57 (s, 3 H, Cllp-4-phenyl-C(0)CH3), 4.0 
(d4 2 H, J, = 48.6 Hz, J2 = 18 Hz, C21- CHzSAc), 4.57 (br d, 1 H, Clla-CH), 5.8 (s, 1 H, 
C4-CH=), 7.37 (d, 2 H, J = 9 Hz, 2', & aromatic-CH's), and 7.93 (d, 2 H. J = 9 Hz, 3', 5' 
aromatic-CH's). MS(EI) m/z (relative intensity): 506 (M*, 29.1), 488 (14,4), 474 (16.6). 
5 431 (100.0) and 346 (78.1). Anal. Calcd. for C30H34OSS H2O: C, 68.68; H, 6.92; S, 6.1 1. 
Found: C,68.99; H, 6.73; S, 6.06. 

Step 2. Preparation of the target compound 106c: 

Under nitrogen, trifluoroacetic anhydride (17.43 g, 82.89 mmol), glacial 
acetic acid (7.17 g, 1 18.45 nunol),jE7-toluenesul£)nic acid monohydrate (1.0 g, 5.3 mmol) 

10 and dry CH2CI2 (100 mL) were combined and stirred at room temperature for Vz h. The 
mixture was cooled to 0°C in an ice bath and a solution of the 17a-ol-21-fhioacetate (105c, 
3.0 g, 5.92 mmol) in dry CH2CI2 (50 mL) was added. The mixture was stiired at 0°C for 
6 hr after which time TLC (4% acetone/CHzCh) indicated a complete reactioiL The 
mixture was neutralized with cold saturated NaHCC>3 and extracted with CH2CI2 (3x). The 

1 5 organic fractions were washed with biine (2x), combined^ dried over sodium sul&te and 
concentrated in vacuo to give the crude product as a foam. Purification of fliis material by 
Flash chromatography eluting 4% acetone /CH2CI2 followed by crystallization from 
EtOAc/hexanes gave 2.34 g of the pure compound 106c as a yellow crystalline soUd; m.p. = 
204 - 205°C. FTIR (KBr, diffuse reflectance): v^ix 2948, 1734, 1702, 1676, 1663 and 1602 

20 cm '. NMR (CDCI3): 5 0.30 (s, 3 H, CI8-CH3), 2.15 (s, 3 H, C17a-OC(0)CH3), 2.33 (s, 
3 H, C21-SC(0)CH3), 2.57 (s, 3 H, Clip-4-phenyl-C(0)CH3), 3.94 (dd, 2 H, Ji = 20.7 Hz, 
h = 14.4 Hz, C21- CHzSAc), 4.53 (br d, 1 H, CI la-CH), 5.83 (s, 1 H, C4-CH=), 7.37 (d, 
2 H, J = 9 Hiz, 2', 6' aiomatic-C3I's), and 7.93 (d, 2 H, J = 9 Hz, 3', 5' aromatic-CH's). MS 
(BO m/z (relative intensity): 548 6.3), 488 (18.4), 413 (27.4), 371 (100.0) and 280 

25 (24.0). Anal. Calcd. for C32H36O6S-1/10H2O: C, 69.82; H, 6.63; S, 5.82. Foun± C, 68.83; 
H, 6.67; S, 5.59. 

EXAMPLE 27 

This example illustrates tiie preparation and properties of 1 7a,2 1 - 
Dimethoxy-llp-[4-(N,N-dime1hylainino)phenyl]-19-norpregna-4,9-diene-3,20-dione 
30 (113a) (Figure 8): 
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Step 1. 3,3'Ethylenedwxy-17a'methoxy-21'hydroxy'19-no^^^ 
dien-lO-one (107): 

To a solution of the 17a-methoxy-3-ketal (94, 10.0 g, 27.1 mmol) in dry 
THF (150 mL) was added iodobenzene diacetate (Moriarty, et al,, J. Chem. Soa, Chem, 
5 Commun., 641-642 (1981); Velerio, et al. Steroids, 60:268-271 (1995)) (34.59 g, 4x) as a 
solid. The suspension was stirred under nitrogen and cooled to C^C. H20(7.73niL, 
429.6 mmol, 16x) was added, followed by 0.5 M KO-tBu solution (1400 mL, 700 mmol, 
26x) via transfer needle. (A 50:50 (v/v) mixture of freshly opened methanol (700 mL) and 
1.0 M potassium /-butoxide in THF (700 mL; Aldiich) was prepared and cooled to 0°C to 

10 give a 0.5 M base solution). Upon completion of addition the reaction mixture was 
removed from the ice bath and the solution alowed to warm to room temperature. The 
reaction was monitored every hour by TLC (5% acetone in CH2CI2) and after 4 hr, virtually 
all of the starting material had been converted to approximately a 80:20 mixture of two 
more polar components. The reaction mixture was diluted with H2O (500 mL) and brine 

15 (500 mL) and extracted into ether (3x). Organic fractions w«:e washed again with H2O and 
brine. Combined organic extracts were dried by filtration through Na2S04, evaporated in 
vacuo, and further dried under high vacuum to recover 13.84 g of an orange oil. 
Purification by flash chromatography (5% acetone in CH2CI2) gave 6.0 g of a pale yellow- 
white foam (107) in 57.5% yield. Trituration with pentane produced 107 which was dried 

20 under vacuum to recover 5.36 g of a white powder in 51.0% yield; m.p. = 147 - 152^C. 
FTIR (KBr, diffiise reflectance): Vn^ 3478, 2900, 2825, 1712, 1437, 1384 and 1372 cm"^ 
NMR (300 MHz, CDCI3): 8 0.550 (s, 3 H, CI8-CH3), 3.159 (s, 3 H, Cna-OCHa), 3.981 (s, 
4 H, C3-OCH2CH2O), 4.251 and 4.471 (AB, 2 H, Jab = 19.81 Hz, C2I-CH2) and 5.544 (br 
s, 1 H, CI 1-CH=). MS (EI) m/z (relative intensity): 388 (M^, 54.8), 356 (13.8), 297 

25 (100.0), 211 (65.0), 169 (51.1) and 99 (56.3). Anal. Calcd. for C23H3205'1/4H20: C, 70.29; 
H,8.34. Found: C, 70.21; H, 8.12. 

Step 2. 3,3-Ethylenedioxy'17a,21-dimethoxy-J9'norpregna'S(10)^^^ 
one (108): 

To a solution of the 3-ketal-21-hydroxy compound (107 , 5.0 g, 12.87 mmol) 
30 in 500 mL of 1,2-dimethoxyethane (DME) was added Proton-Sponge® [1,8- 

bis(dimethylanuno)naphthalene] (13.79 g, 64.35 mmol, 5x) as a solid. The solution was 

cooled to 0°C in an ice water bath and trimethyloxonium tetrafluoroborate (9.52 g, 

64.35 mmol, 5x) was added as a solid. The suspension was kept at 0°C under nitrogen, for 
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3 hr. At that time, TLC (5% acetone in CH2CI2) indicated all of the starting material had 
been cleanly converted to the slightly less polar 3-ketal-17a^l"dimethoxy compound 
(108). H2O and EtOAc were added, the mixture was transferred to a separatory funnel, and 
the layers allowed to separate. The organic fiaction was washed with ice-cold 1 N HCl 
5 (2x), H2O (Ix), saturated NaHCOs (Ix), H2O (Ix), and brine (Ix). Combind EtOAc 
extracts (3x) were dried by filtration through Na2S04 and evaporated in vacuo. The 
resulting colorless oil was dried overnight under higjti vacuum to recover a white foam (108, 
5.28 g) in quantitative yield. Analysis by TLC and NMR indicated the crude material was 
sufficiently pure to carry directly on to the next reaction. A small amount was triturated 

1 0 with pentane and dried ovemigjit under high vacuum to give 120 mg of 108 a s a white 
sohd; m.p = 104 ^ 1 lO^C. FTIR (KBr, diflBise reflectance): v^ax 2926, 2884, 2828, 1722, 
1447, 1380, 1322 and 1252 cm^^ NMR (300 MHz, CDCI3): 8 0.585 (s, 3 H, CI8.CH3), 
3.175 (s, 3 H, C17a-OCH3), 3,442 (s, 3 H, C2I-OCH3), 3.983 (s, 4 H, C3>OCH2CI^O), 
4.182 and 4.367 (AB, 2 H, Jab = 18.01 Hz, C2I.CH2) and 5.555 (br s, 1 H, CI 1-CH=). MS 

15 (EI) m/z (relative intensity): 402 (M", 27.7), 370 (7.2), 297 (100.0), 211 (62.1), 169 (41.6) 
and 99 (62.7). Anal. Calcd. for C24H340y3/5H20: C, 69.74; H, 8.58. Found: C, 69,82; H, 
8.43. 

Step 3. 3J-Ethylenediojqf-17a,21-dimethoxy'J9-norpregna'5(^^^^ 
ol(109): 

20 The 3-ketal 17a,21-dimethoxy-20-one (108, 5.0 g, 12.42 mmol) was 

dissolved in dry THF (100 mL) and 2 equivalents of LiAIH4 (25 mL, 25 mmol, 1.0 M in 
ether) were added via syringe* The solution was stirred magnetically at room temperature 
under nitrogen. After 15 minutes, examination by TLC (5% acetone in CH2CI2) indicated 
the starting material had been cleanly converted to a single, more polar product (109). The 

25 reaction mixture was cooled in an ice bath, and saturated Na2S04 irl - 3 mL) was added 
dropwise via pipette. When the reaction was quenched, several scoops of Na2S04 were 
added and the mixture allowed to stir 1 hr. Filtration through a sintered glass fuimel, 
followed by evaporation in vacuo produced a concentrated syrup. The syrup was taken up 
in H2O and CH2CI2, transferred to a separatory funnel, and the layers allowed to separate. 

30 The organic fraction was washed again with brine. Combined CH2CI2 extracts (3x) were 
dried by filtration through Na^SOn and evaporated in vacuo. The resulting white foam was 
dried fiirther under higji vacuum to recover 4.69 g of the crude 109. Purification of this 
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crude product by flash chromatography (5% isopropanol in CH2CI2) gave 4.24 g of 109 as a 
white foam in 84.4% yield. 

The two purest fractions were combined and taken up in a minimum amount 
of acetone/hexane. After standing six days at room temperature, large, colorless crystals 
5 had fonned. The crystals were collected by centrifugation, washed with several portions of 
hexane, and dried imder high vacuum to recover 177 mg. Analysis by TLC (10% acetone 
in CH2CI2) indicated the crystals were of the highest purity. Analysis of this material by 
NMR indicated a single isomer. No further work was done for identification of this single 
isomer. A second crop of 78 mg with only a trace of impurity was obtained from the 

10 mother liquors; m.p. = 111-1 15°C. FIIR (KBr, difiuse reflectance): v^ax 3576, 3456, 
2930, 2891, 2827, 1460 and 1372 cm"\ NMR (300 MHz, CDCI3): 5 0.824 (s, 3 H, C18- 
CH3), 3.298 (s, 3 H, C17a-OCH3), 3.392 (s, 3 H, C2I.OCH3), 3.416 (dd, 1 H, J, = 9.30 Hz, 
J2 = 8.10 Hz, C2I-CH2), 3,490 (dd, 1 H, J i = 9.30 Hz, J 2 = 3.30 Hz, C2I.CH2), 3.923 (dd, 
1 H, Ji = 8.10 Hz, J2 = 3.30 Hz, C20-CH), 3.980 (s, 4 H, CS-OCEbCHjO) and 5.595 (br s, 

15 1 H, CI 1^CH=). MS (EI) m/z (relative intensity): 404 (M^, 2.1), 372 (5.7), 329 (1.7), 297 
(100.0) and 21 1(35.7). Anal. Calcd. for C24H3605- l/SCeHu: C, 71.76; H, 9.27. Found: C, 
71.83; H, 9.04. 

Step 4. 3,3'EthyIenedioxy-5aJ0a-epoxy'17a,21'dimetho^^^ 
en'20'Ol(110): 

20 To a solution of hexafluoroacetone (2.01 mL, 14.39 mmol) in CH2CI2 

(50 mL), was added solid Na2HP04 (1.36 g, 9.59 mmol) and 30% H2O2 (2.16 mL, 
21.1 mmol). The mixture was transferred to the cold room and stirred vigorously for hr 
at 4°C. A chilled solution of the 20-alcohol (109, 3.88 g. 9.59 mmol) in CH2CI2 (25 mL) 
was added via pipette and rinsed in with additional CH 2C1 2 (25 naL). After stirring 

25 overnight at 4°C, TLC (7.5% acetone in CH2CI2) indicated virtually all of the startmg 
material had been converted to one major, more polar product with only a trace of by- 
products. The reaction mixture was transferred to a separatory flmnel and washed with 
10% Na2S03 (Ix), H2O (Ix), and brine (Ix). Combined CH 2CI 2 extracts (3x) were dried 
by filtration through Na2S04 and evaporated in vacuo to recover a foam. NMR analysis of 

30 the crude material indicated the a and P epoxides were present in approximately a 9: 1 ratio. 
Trituration with ether produced 2.27 g of the pure 5a,10 a epoxide (110) as a white powder 
ux 56.3% yield; m.p. - 146 - 153°C. FTTR (Or, difiuse reflectance): 3558, 2939, 
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1638, 1446, 1373 and 1247 cm \ NMR (300 MHz, CDCh): 5 0.824 (s, 3 H, CI8-CH3), 
3.273 (s, 3 H, C17a-OCH3), 3.389 (s, 3 H, C2I.OCH3), 3.402 (dd, 1 H, Jj = 9.61 Hz, J2 = 
8.10 Hz, C2I-CH2), 3,476 (dd, 1 H, Ji = 9.1 Hz, J2 = 3.30 Hz, C2I-CH2), 3.908 (m, 5 H, 
C3- OCH2CH2 O and C20-CH) and 6.053 (br s, 1 H, CI 1-CH=). MS (EI) m/z (relative 
5 intensity): 420 (M^, 1.7), 402 (6.0), 370 (6.2), 345 (20.0), 313 (77.8), 295 (100.0) and 99 
(95.4). Anal. Calcd. for C24H3<jO5'l/10H2O: C, 68.25; H, 8.64. Found: C, 68.31; H, 8.71. 

Step 5. 3,3'Ethylenedioxy-Sa'hydroxy-lip-[4-(NfN'dimethylanm 
17a,21-dimethoxy-19'norpregn'9-en-20'Ol (111a) : 

A dry 50 mL 2-neck flask was equipped with a stirrer, a reflux condenser, 

10 and a rubber septum. Magnesium (191 mg, 7.85 mmol) was added and the entire apparatus 
was dried fruther, under a stream of nitrogen, with a heat gun. After cooling shghtly, one 
crystal of iodine was added. The ^paratus was allowed to cool completely and dry THF 
(4 mL) was added followed by one drop of 1,2-dibromoethane. A solution of 4-bromo- 
N,N-dimethylaniline (1.43 g, 7.14 mmol) in THF (2 mL) was added via transfer needle and 

1 5 rinsed in with additional THF (2.0 mL). The mixture was wanned gently with a heat gun to 
initiate reaction (as evidenced by bleaching of color) and then allowed to stir 1 hr at 
ambient temperature. Copper (£) chloride (78.2 mg, 0.79 mmol) was added as a solid and 
stiiring continued for 20 min. A solution of the 5a, lOa-epoxide (110 , 1.0 g, 2.38 mmol) in 
THF (4.0 mL, heated gentiy to achieve a solution) was added via transfer needle and rinsed 

20 m with additional THF (2 x 2.0 mL). After stirring 2 hr at room temperature, the reaction 
was quenched by the addition of saturated NH4CI (16 mL). Air was drawn through the 
mixture for Vi hr with vigorous stirring. The mixture was transferred to a separatory ftumel, 
ether was added, and the layers allowed to separate. The organic fraction was washed again 
with H2O (Ix), and brine (Ix). Combined ether extracts (3x) were dried by filtration 

25 through Na2S04 and evaporated in vacuo to recover an oily residue. Trituration with ether 
produced a solid 111a. The crystals were collected on a Buchner fimnel, triturated with 
additional ether, and dried under high vacuum to recover 1.02 g of a beige solid (111a) in 
79% yield; m.p. = 195 - 199°C. FTIR (KBr, difiuse reflectance): v^ax 3534, 3418, 2938, 
2875, 2820, 1868, 1614, 1560, 1519, 1443, 1353 and 1328 cm \ NMR (300 MHz, CDCI3): 

30 5 0.493 (s, 3 H, CI 8-CH3), 2.896 (s, 6 H, -N(CH3) 2), 3.289 (s, 3 H, C17a-OCH3), 3.362 (s, 
3 H, C2I-OCH3), 3.340 - 3.448 (m, 2 H, C2I-CH2), 3.747 - 4.075 (m, 5 H, CS-OOfcCHgO 
and C20.CH), 4.171 (br s, 1 H, CI la-CH), 6.635 (d, 2 H, J = 8.70 Hz, 3', 5' aromatic-Cff s) 
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and 7.070 (d, 2 H. J = 8.70 Hz, 2'. 6' aromatic-CH's). MS (EI) miz (relative intensity): 
541(M'. 61.0), 523 (19.7), 416 (7.6), 134 (37.4), 121 (100.0) and 99 (20.2). Anal. Calcd. 
for C32H47NO6: C, 70.95; H, 8.74; N, 2.59. Found: C, 70.92; H. 8.77; N. 2.65. 

Step 6. 3,3-Ethyknedioxy-5a-hydroxy-JlM4-(NJ^'dimethylamino)phenylJ' 
5 17a,21-dintet1toxy'19-norpregn-9(10)'en'20-one (112a) : 

(a) Preparation of o-iodoxybenzoic add (Dess, et al., J. Org. Oiem., 

48:4155-4156 (1983)): The initial preparation of IBX gave a material whicli appeared to be 

a mixture as evidaiced by "C NMR. Although the oxidant was not homogenous, 3 

equivalents of this material (assuming 100% IBX) cleanly converted the 20-OH (Ilia) to 

10 the 20-ketone (112a). The preparation of IBX has been since modified to obtain a 
homogeneous material with NMR and ^^C NMR identical to the reported spectra 
(Frigerio, et al, Tet. Letters, 35:8019-8022 (1994)). Only 1.5 equivalents are necessary for 
oxidation (Frigerio, et al. Tet. Letters, 35:8019-8022 (1994); Frigerio, et al. J. Org. Chem., 
60:7272-7276 (1995)). This new material was used for the preparation of 112b and 112c . 

15 Potassium bromate (7.6 g, 45.5 mmol) was added over a 10 minute period to 

a vigorously stirred suspension of 2-iodobenzoic acid (8.52 g, 34.4 romol) in 0.73 M H2SO4 
(150 mL). Upon completion of addition, the mixture was warmed to 65°C in a water bath. 
Over the next hour, bromine was evolved as was evidenced by a change in color fix)m 
orange to white. At that time, a second aliquot of potassium bromate (7.6 g, 45.5 mmol) 

20 was added and stirring continued at 65°C for an additional 2 hr. The mixture was cooled to 
room temperature, filtered on a Buchner fiinnel, and washed with H2O, followed by 
acetone. The resultmg white solid was dried in vacuo to recover 7.74 g m 80.2% yield. 
'H NMR (300 MHz, DMSO): 5 7.845 (t, 1 H, J = 7.20 Hz), 7.96 - 8.06 (m, 2 H) and 8.148 
(d,lH,J = 7.80Hz). NMR (300 MHz, DMSO): 5 125.011,130.093,131.398, 

25 132.963, 133.406, 146.525 and 167.499. 

(b) Oxidation of the 20-ol (111a) to the 20-one (112a); To a solution of 
IBX (2.42 g, 8.64 mmol) in DMSO (16.0 mL) at ambient temperature, under nitrogen, a 
solution of the Grignard product ( 111a , 1.56 g, 2.88 mmol) in DMSO (16.0 mL) was added 
via transfer needle. Additional DMSO (2 x 4.0 mL) was used to rinse in residual steroid. 

30 The resulting purple solution was stirred Vi hr. At that time, examination by TLC (10% 

acetone in CH2CI2; aUquot was diluted in H2O and extracted into EtOAc) revealed all of the 
starting material had been cleanly converted to a single, less polar product. The reaction 
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was transferred to a separatory funnel, H2O and CH2CI2 were added, and the layers allowed 
to separate. The organic fractions were washed again with H2O (Ix) and then brine (Ix). 
Combined CH2CI2 exracts (3x) were dried by filtration through Na 2SO 4 and evaporated in 
vacuo. The resulting residue was dried overnight under high vacuum to recover a 
5 brownish-purple gum (1 .79 g). The gum was taken up in CH2CI2 and filtered through silica 
(-250 mL) on a sintered glass fimnel. After eluting with CH2CI2 to remove DMSO (2 x 
250 raL), the pure product was eluted with 10% acetone in CH2CI2 (2 x 250 mL). Fractions 
containing the product were combined, evaporated in vacuo and dried briefly under high 
vacuum to afford 1.29 g of 112a as a colorless foam in 83% yield. A small sample 
10 (-100 mg) was reserved, triturated with pentane, and dried to give a white crystalline sohd; 
m.p. = 160 - 165°C. FTIR (KBr, diffuse reflectance): Vrnax 3514, 2938, 2824, 1724, 1616, 
1521, 1520, 1447 and 1354 cm\ NMR (300 MHz, CDCI3): 5 0.250 (s, 3 H, CI8-CH3), 
2.894 (s, 6 H, -N(CH3)2), 3.137 (s, 3 H, CHa-OCHa), 3.435 (s, 3 H, C2I-OCH3), 3.998 (m, 
4 H, C3-OCH2CH 2O), 4.231 and 4.363 (AB, 2 H, Jab = 18.01 Hz, C2I-CH2X 4.250 (br d, 
15 1 H, CI la-CH), 4.288 (br s, 1 H, C5a-OH), 6.619 (d, 2 H, J = 8.85 Hz, 3', 5' aromatic- 
CH's) and 7.016 (d, 2 H, J = 8.85 Hz, 2\ & aromatic-CH's). MS (EI) m/z (relative 
intensity): 539 (M^, 71.4), 521 (34.8), 134 (52.9), 121 (100.0) and 99 (23.5). Anal. Calcd. 
forC32H45N06: C, 71.21; H, 840; N, 2.60. Found: C, 71.41; H, 8.60; N, 2.63. 

Step 7. Preparation of the target compound 113a: 

To a solution of the 3-ketaJ-5a-hydroxy-20-one (112a, 1.20 gm 2.22 mmol) 
in THF (15.0 mL), was added glacial acetic acid (45.0 mL, 783 mmol), followed by H2O 
(15.0 raL). The mixture was brought to reflux under nitrogen. After 1 hr., TLC (25% 
EtOAc in CH2CI2) indicated the 3-ketal had been hydrolyzed to give the slightly less polar 
ketone. The reaction was allowed to cool to room temperature and left overnight under 
nitrogen. Concentrated NBUOH (53.0 mL, 783 mmol) was added to neutralize the reaction 
and additional NH4OH was added to bring the mixture to pH 7.0 (paper). The mixture was 
transferred to a separatory fiinnel and extracted into CH2CI2 (3x). The organic fractions 
were washed again with H2O (Ix) and brine (Ix). Combined CH2CI2 extracts were dried by 
filtration through Na2S04 and evaporated in vacuo to give 1.21 g of a yellow oil. The crude 
product was purified twice by flash chromatography (7.5% acetone in CH2CI2). Fractions 
containing the pure product were combined and evaporated to give a yellow gum. 
Trituration with heptane produced 350 mg of a pale yellow powder. All remaining material 
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(impure fractions plus mother liquors) was combined and rechromatographed to give an 
additional 305 mg: Total yield was 655 mg of 113a in 61 .7% yield; m.p. = 132 - 136°C. 
HPLC analysis of 113a on a Waters Assoc, NovaPak Cig column eluted with 30% 50 mM 
KH2PO4 (pH = 3 .0) in MeOH at a flow rate of 1 mL per min and at = 3 02 nm indicated a 

5 purity of 97.9% with a retention time (tO of 7.87 min. Fim (KBr, diffixse reflectance): 
* ywBx 2946, 1724, 1665, 1599, 1518, 1445 and 1348 cm'^ NMR (300 MHz, CDCI3): 

5 0.322 (s, 3 H, CI8.CH3), 2.904 (s, 6 H, -N(CH3)2), 3.173 (s, 3 H, CHa-OCHa), 3.453 (s, 
3 H, C2I-OCH3), 4.234 and 4.375 (AB, 2 H, Jab = 17.86 Hz, C2I-CH2), 4.367 (s, 1 H, 
Clla-CH), 5.750 (s, 1 H, C4.CH=), 6.634 (d, 2H, J = 8.55 Hz, 3', 5' aromatic-CH's) and 

10 6.979 (d, 2 H, J = 8.55 Hz, 2\ & aromatic-CH's). MS (EI) m/z (relative intensity): 477 (M^, 
83.2), 372 (10.3), 251 (17.1), 209 (20.4), 134 (35.3) and 121 (100.0). Anal. Calcd. for 
C30H39NO4: C, 75.44; H, 8.23; N, 2.93. Found: C, 75.54; H, 8.14; N, 2.94. 

EXAMPLE 28 

This example illustrates the preparation and properties of 17a,21- 
15 Dimethoxy-1 lp-[4-(N-pyrrolidino)phenyl]-19-norpregna-4,9-diene-3,20-dione (113b) 

(Figure 8): 

Step L 3,3'Ethylenedioxy-Sa-hydroxy'llH'f'(N'Pyrrolidm^^ 
dimethoxy'19-norpregn-9-en'20-ol (111b) : 

A dry 100 mL 2-neck flask was equipped with a stirring bar, a reflux 
20 condenser, and rubber septum. Magnesium (248 mg, 10.2 mmol) was added, and the entire 
apparatus was dried further under a stream of nitrogen with a heat gun. After cooling 
slightly, one crystal of iodine was added. 

The apparatus was allowed to cool completely and diy THF (5.0 mL) was 
added followed by one drop of 1,2-dibromoethane. A solution of N- 
25 (4-bromophenyl)pyrroUdine (see, EXAMPLE 17, Step 3) (2. 1 g, 9.27 mmol) in THF (2.5 
mL) which was wanned gentiy to achieve solution, was added via transfer needle and 
rinsed in with additional THF (2.5 mL). The mixture was brought to reflux and after 2 hr, 
almost all of the magnesium had been consumed. The cloudy, dark gray mixture was 
allowed to cool to room temperature and copper 0) chloride (101 mg, 1.02 mmol) was 
30 added as a solid. After stirring 1 .5 hr at room temperature, a solution of the 5a,l Oa-epoxide 
(110, 1.3 g, 3.09 mmol) in THF (5.0 mL) which was heated gently to achieve a solution. 
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was added via a transfer needle and rinsed in with additional THF (5.0 roL). After stirring 

1 hr at room temperature, the reaction was quenched by the addition of saturated NH4CI (20 
mL). Air was drawn ttMOUgh the mixture for /i hr with vigorous stirring. The mixture was 
transferred to a separatory funnel, H2O and ether were added, and the layers allowed to 

5 separate. The organic fraction was washed again with HaOClx), and brine (Ix). Combined 
eflier extracts (3x) were dried by fQtration through Na2S04, evaporated in vacuOy and dried 
further under high vacuum to recover a greenish-brown oil (2.47 g). Examination by TLC 
(15% acetone in CH2CI2) revealed one major, slightly less polar product and a trace of 
impurities. Trituration with pentane or pentane/ether failed to produce a solid. Purification 

1 0 by flash chromatography (1 5% acetone in CH2CI2) gave 978 mg of pure 111b as a white 
foam. Fractions containing 410 mg of the impure product were rechromatographed to 
recover 1 52 mg of an additional pure material 111b . The total yield of the purified product 
111b was 1 .13 g as a white foam in 64.4% yield. Trituration of this foam with pentane, 
followed by washing with heptane produced a white powder. The white powder was dried 

15 overnight in a drying pistol with benzene to give 727.1 mg of 111b in 41.5% yield.; m.p. == 
135 - 143°C. FTIR (KBr, diffuse reflectance) v^nax 3469, 2945, 2820, 1614, 1517, 1487, 
1462, 1442, 1371, 1239, 1192, 1122 and 1076 cm'^ NMR (300 MHz, CDCI3): 6 0.505 (s, 
3 H, CI8-CH3), 3.247 (m, 4 H, pyirolidyl a-CHs), 3.288 (s, 3 H, CHa-OCHa), 3.364 (s, 
3 H, C2I-OCH3), 3.339 - 3.448 (m, 2 H, C2I-CH2), 3.808 (m, 1 H, C20-CH), 4.000 (m, 

20 4 H, C3-OCH2CH2O), 4.12 . 4.21 (m, 1 H, CI la-CH), 4.392 (s, 1 H, C5a-0H), 6.460 (d, 

2 H, J = 8.70 Hz, 3', 5' aromatic-CH's) and 7.056 (d, 2 H, J - 8.70 Hz, 2\ 6' aromatic- 
CH's). MS (EI) m/z (relative mtensity): 567 (M*, 34.0), 549 (33.1), 442 (12.9), 160 (30.3), 
147 (100.0) and 99 (14.9). Anal. Calcd. for C34H49NO6: C, 71.93; H, 8.70; N, 2.47. 
Found: C, 72.03; H, 8.71; N, 2.46. 

25 Step 2. 3,3'Ethylenedioxy'Sa-hydroxy-llM4'(N-pynolidtiio)^^^ 

dimethoxy-19'norpregn''9''en-20-one (112b) : 

To a suspension of EBX (EXAMPLE 27, Step 6(a)) (501 mg, 1.79 mmol) in 
dimethylsulfoxide (DMSO) was added a solution of the Grignard adduct (111b , 677 mg, 
1.19 mmol) in DMSO (6.0 mL). Additional DMSO (2 x 2.0 mL) was used to rinse in 
30 residual 111b. AJmost immediately upon addition of lllb, a green solution formed which 
rapidly changed to purple. After 1 hr, examination by TLC (15% acetone in CH2CI2); 
aliquot was diluted with H2O and extracted into EtOAc) revealed all of the starting material 



wo 01/74840 



98 



PCT/USOl/08681 



had been cleanly converted to a single, less polar product. The reaction mixture was 
transferred to a 500 mL separatory funnel and diluted with H2O and brine. The product was 
extracted into EtOAc (3x). The organic fractions were washed again with H2O (Ix), then 
brine (Ix). Combined EtOAc extracts (3x) were dried by filtration through anhydrous 
5 Na2S04 and evaporated /« vacwa The resulting residue was dried overnight under high 
vacuum to recover 0.85 g of a purple foam. Purification by flash chromatography (15% 
acetone in CH2CI2) gave 494 mg of 112b as a pale yellow foam in 73. 1% yield. A small 
amount was triturated with heptane and dried in a drying pistol with benzene to give 51 mg 
of a pale yellow solid for analysis; m.p. = 120 --125°C- FITR (KBr, diflfiise reflectance): 

10 v„^ 3540, 2946, 2830, 1722, 1666, 1613, 1517, 1488, 1462, 1445, 1372, and 1188 cm'^ 
NMR (300 MHz, CDd^): 5 0.264 (s, 3 H, CI8-CH3), 3.135 (s, 3 H, CHa-OCHs), 3.242 
(m, 4 H, pyrroUdyl a-CHj), 3.433 (s, 3 H, C2I-OCH3), 3.997 (m, 4 H, C3-OCH2CH2O), 
4.232 and 4.381 (AB, 2 H, Jab = 17.86 Hz, C2I-CH2), 4.366 (br 1 H, CI la-CH), 5.747 
(s, 1 H, C4-CH=), 6.463 (d, 2 H, J = 8.40 Hz, 3\ 5' aromatic-CH's) and 7.002 (d, 2 H, J = 

15 8.40 Hz, 2\ & aromatic-CH's), MS (EI) m/z (relative intensity): 565 (M^, 14.9), 547 (72.7), 
503 (7.7), and 147 (100.0). Anal. Calcd. for C34H47N06'1/3C3H60- 1/20 C7H16: C, 72.51; 
H, 8.34; N, 2.33. Found: C, 72.67; H, 8.13; N, 2.31. 

Step 3. Preparation of the target compound 113b: 

To a solution of the 3-ketal-20-ketone (112b, 443 mg, 0.78 mmol) in THF 

20 (5.0 mL), was added glacial acetic acid (15 mL, 261 nomol), followed by water (5.0 mL). 
After 5 hr, TLC (10% acetone in CH2CI2; neutralized with concentrated NH4OH before 
developmg) indicated that most of the 3-ketal had been hydrolysed to give the slighly less 
polar ketone. The reaction was allowed to continue overnight. The next morning, all of the 
starting material had been converted to the product with only a trace of impurities. The 

25 reaction mixture was neutralized by the addition of concentrated NH4OH (17.6 mL, 
261 mmol, pH 7 by pH paper). The mixture was transferred to a separatory funnel and 
extracted with CH2CI2 (3x). The organic fractions were washed again with H2O (Ix), and 
brine (Ix). Combmed CH2CI2 extracts were dried by filtration throu^ anhydrous Na2S04 
and evaporated in vacuo to give 450 mg of a yellow fihn. The crude product was purified 

30 twice by flash chromatography (1 0% acetone in CH2CI2). Fractions containing highly pure 
product were combined and evaporated to give 3 1 1 mg of a pale yellow glass. 
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Trituration with heptane produced 264 mg of a pale yeUow solid. At this 
point, inspection of this material by HPLC indicated a purity of 95.7%. The product was 
rechromatographed (7.5% acetone in CH2CI2) and again triturated with heptane to produce 
190 mg of a pale yellow powder. No additional purification was achieved. 

5 Attempts to further purify the sample by normal phase HPLC were also 

unsuccessful. Finally, the sample was recrystallized fiom hot heptane and dried overnight 
in a drying pistol with heptane to give 97.1 mg of a beige powder in 24.4% yiel<t m.p. 
122.5 - 126°C. Analysis by HPLC on a Waters Assoc. NovaPak Cig colnmn eluted with 
30% 50 mM KH2PO4 [pH = 3.0] in MeOH at a flow rate of 1 mL per min and at X = 

10 302 nm, indicated a purity of 94.97% wifli a retention time (tR) of 21.475 min. Fim (KBr, 
difiuse reflectance): v™« 2944, 2826, 1726, 1667, 1614, 1518, 1488, 1465. and 1379 cm"'. 
NMR (300 MHz, CDCI3): 5 0.339 (s. 3 H, CI8-CH3), 3.172 (s, 3 H, CHa-OCHa). 3.242 
(m, 4 H, pyrrolidyl a-CHi), 3.450 (s, 3 H, C2I-OCH3). 4.232 and 4.381 (AB, 2 H, Jab = 
18.01 Hz, C2I-CH2). 4.366 (br s, 1 H. 01 la-CH), 5.747 (s, 1 H, C4-CH=), 6.463 (d. 2 H, 

15 J = 8.55 Hz, 3', 5' aromatic-CH's) and 6.962 (d, 2 H, J = 8.55 Hz, 2', 6' aromatic-CH's). 
MSCEI) m/z (relative intensity): 503 (M^, 59.3), 398 (4.9), 251 (8.6), 160 (17.6) and 147 
(100.0). Anal. Calcd. for C32H4iN04 l/6C7Hi6-l/6H20: C, 76.11; H, 8. 47; N, 2.68 Found: 
C, 76.04; H, 8.40; N, 2.69. 

EXAMPLE 29 

20 This example illustrates the preparation and properties of 17a,21- 

Dimethoxy-llp-[4-(N-piperidino)phenyl]-19-norpregna-4,9-diene-3,20-dione(113c) 

(Figure 8): 

Step 1. 3,3-EthyUnedwxy-Sa-hydroxy-llM4-(N-piperidiiio)phenylJ-l 7a,21- 
dimethoxv-19-norpregn-9-en-20-ol (111c) : 
25 A dry 50 mL 2-neck flask was equipped with a stirring bar, a reflux 

condenser and a rubber septum. Magnesium (137 mg, 5.64 mmol) was added and the entire 
apparatus was dried fiither under a stream of nitrogen witfi a heat gun. After cooling 
sUghtly, one crystal of iodine was added. The apparatus was allowed to cool completely 
and dry THF (4 mL) was added followed by 1 drop of 1,2-dibromoethane. A solution of N- 
30 (4-bromophenyl)piperidine (see, EXAMPLE 23, Step 1) (1.23 g. 5.13 mmol) in THF (2.0 
mL) was added via a transfer needle and rinsed in with additional THF (2.0 mL). The 
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reaction mixture was brought to reflux for 1 hr. At that time, the Grignard reagent had 
formed as evidenced by consumption of ahnost all of the magnesium and bleaching of the 
iodine color. The cloudy, dark gray mixture was allowed to cool to room temperature and 
copper 0) chloride (55.4 mg. 0.56 mmol) was added as a soUd. After stirring Yz hr, a 
solution of the 5a,10a-epoxide (UO, 1.0 g, 2.38 mmol) in IHF (4.0 mL; heated gently to 
achieve a solution) was added via transfer needle and rinsed in with additional THF 
(4.0 mL). After stirring 2 hr at room temperature, the reaction was quenched by the 
addition of saturated NH4CI (16 mL). Air was drawn through the mixture for hr with 
vigorous stirring. The mixture was transferred to a separatory funnel, H2O and ether were 
added, and the layers allowed to separate. The organic fraction was washed with H2O (Ix), 
and brine (Ix). Combined ether extracts (3x) were dried by filtration through anhydrous 
Na2S04. evaporated in vacuo, and dried fiirther under high vacuum to recover 1.73 g of an 
ambergum. Examination of the gum by TLC (15% acetone in CH2CI2) revealed a single, 
sUghtly more polar product and trace of the epoxide. Trituration with etiier failed to 
15 produceasoUd. Thecrudeproductwaspurifiedby flash chromatography (15% acetone in 
CH2CI2). Fractions containing the pure product lUc were combined and evaporated to 
give 0.36 g of a white foam. Fractions containing the product plus the epoxide were 
rechiomatographed to give 0.43 g of additional pure product lUc. The total yield of the 
purified product obtained was 0.79 g of 111c as a white foam in 56.7% yield. A smaU 
20 amount was triturated with heptane and dried overnight in a drying pistol with acetone to 
give 73.8 mg of a white powder (111c) which was reserved for analysis; m.p. = 162- 
171°C. FnR(KBr,di£Rise reflectance): v™« 3470, 2934. 2868, 2816. 1610, 1511, 1440 
and 1380 cm''. NMR (300 MHz, CDCI3): 5 0.475 (s, 3 H, C18-CH 3), 3.091 (m, 4 H, 
piperidyl a-CH2), 3.285 (s, 3 H, CHa-OCHs). 3.361 (s. 3 H, C2I-OCH3). 3.34- 3.45 (m, 2 
25 H, C2I-CH2). 3.794 (m. 1 H, C20-CH), 3.998 (m, 5 H, C3-OCH2CH2O and C20-OH), 
4.178 (br s, 1 H, Clla-CH), 4.389 (s, 1 H, C5a-0H), 6.810 (d, 2 H, J= 8.85 Hz, 3', 5' 
aromatic-CH's) and 7.073 (d, 2 H, J = 8.85 Hz, 2', & aromatic-CH's). MS (HO m/z (relative 
intensity): 581 (M^, 39.0). 563 (24.4), 456 (5.9), 174 (24.9). 161 (100.0) and 99 (12.1). 
Anal. Calcd. for C35H51NO6: C, 72.26; H, 8.84; N, 2.41. Found: C, 72.31; H. 8.78; N, 
30 2.36. 
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Step 2. 3,3-Ethylenedwxy'5a-hydroxy-llfi-[4-(N'piperidino)phenylJ-l 7a^l- 
dimeth<a^l9-norpregn-9-en-20-one (112c) : 

To a suspension of IBX (0.49 g, 1.76 mmol) in DMSO (7.0 mL) was added a 
solution of the Grignard adduct (111c , 0.68 g, 1.17 nunol) in DMSO (6.0 mL). Additional 

5 DMSO (2 X 2.0 mL) was used to rinse in residual 111c. Almost immediately upon addition 
of 111c, a puiple solution foraied. The reaction was allowed to stir 2 hr at ambient 
temperature without any precautions against oxygen or moisture. At that time, the color 
had turned from purple to deep red. Examination of this solution by TLC (15% acetone in 
CH2CI2; aliquot was diluted with H2O and extracted into EtOAc) revealed all of the starting 

10 material had been cleanly converted to a single, less polar product. The reaction mixture 
was transferred to a separatory funnel, H2O and CH2CI2 were added, and the layers allowed 
to s^arate. The organic fraction was washed again with H2O (Ix) and brine (Ix). 
Combined CH2CI2 extracts (3x) were dried by filtration tiirough anhydrous sodium sulfete 
and evaporated in vacuo. The resulting residue was dried overnight under high vacuum to 

15 recover 0.72 g of a purple gum. Purification by flash chromatogr^hy (15% acetone in 
CH2CI2) gave 572 mg of a colorless gum. Trituration with heptane aflforde 529 mg of 112c 
as a white solid in 77.8% yield. A small amount was reserved and dried further in a drying 
pistol with acetone for analysis; m.p. = 107 - 1 1 rC. FITR (KBr, diffuse reflectance): v„«x 
3534, 2931, 2823, 1721, 1609 . 1511 and 1450 cm'^ NMR (300 MHz, CDCI3): 8 0.234 (s, 

20 3 H, CI 8-CH3), 3.089 (m. 4 H, piperidyl a-CH 2), 3. 134 (s, 3 H, CI70-OCH3). 3.429 (s. 
3 H, C2I-OCH3), 3.995 (m, 4 H, C3-OCH2CH2O), 4.213 and 4.355 (AB, 2 H, J ab = 
18.01 Hz, C2I-CH2), 4.212 - 4.306 (m, 2 H, CI la-CH and C5a-0H), 6.803 (d, 2 H, J = 
8.70 Hz, 3', 5- aromatic-CH's) and 7.021 (d, 2 H, J = 8.70 Hz, 2', 6' aromatic-CH's). MS 
(EI) m/z (relative intensity): 579 (M", 38.7), 561 (16.1), 174 (23.7). 161 (100.0) and 99 

25 (12.1) Anal. Calcd. for C35H49NO6: C, 72.51; H, 8.52; N , 2.42. Found: C, 72.47; H, 8.58; 
N. 2.35. 

Step 3. Preparation of the target compound 113c : 

To a solution of the 3-ketal-20-ketone (1 12c , 471 mg, 0.81 mmol) in THF 
(5.0 mL) was added glacial acetic acid (15 mL, 261 mmol) followed by H2O (5.0 mL). The 
30 mixture was brought to reflux under nitrogen. After 3 hr, TLC (10% acetone in CH2CI2; 
neutralized with NH4OH before developing) indicated flie 3-ketal had been hydrolyzed to 
give the slightiy less polar ketone. The reaction mixture was allowed to cool to room 
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temperature and neutralized by the addition of concentrated NH4OH (17.6 mL, 261 mmol, 
pH 7 by a pH paper). The mixture was transfeired to a separatory funnel and extracted into 
CHjCU (3x). The organic fractions were washed again with H2O (Ix), and brine (Ix). 
Combined CH2Ci2 extracts were dried by filtration through anhydrous NaaSOA and 
5 evaporated in vacuo to recover 426 mg of a yeUow glass. This crude product was purified 
by flash chromatography (5% acetone in CH2CI2). Fractions containing highly pure 
product were combined and evaporated to give a pale yellow glass 113c . Trituration of 
113c with heptane produced a pale yellow solid. The product was dried overnight in a 
di^g pistol with benzene to give 189.6 mg of 113c as a pale yeUow solid in 45.7% yield; 
10 m.p.= 108 - 1 12'C. Analysis by HPLC on a Waters Assoc. NovaPak Cw column eluted 
with 30% 50 mM KH 2PO 4, pH 3.0 in MeOH at a flow rate of 1 mL per min and at X = 
302 nm, indicated a purity of 97.22% with a retention time (Ir) of 3.73 min. FTIR CKBr, 
diffuse reflectance): v™« 2935, 2822. 1723. 1664. 1609. 1511. 1488, 1451 and 1386 cm\ 
NMR (300 MHz. CDCI3): 5 0.304 (s, 3 H, ClS-CHj), 3.100 (m, 4 H, piperidyl a-CHj). 
15 3.172 (s, 3 H, C17a-OCH3), 3.450 (s, 3 H, C2I-OCH3), 4.227 and 4.370 (AB. 2 H. Jab = 
18.01 Hz. C2I-CH2). 4.366 (br s, 1 H, CI lo-CH), 5.753 (s, 1 H, C4-CH=), 6.821 (d, 2 H. J 
= 8.70 Hz. 3', 5' aromatic-CH's) and 6.985 (d, 2 H, J = 8.70 Hz. 2', 6' aromatic-CH's). MS 
(EI) m/z (relative intensity): 517 (M^. 57.8). 412, (4.6). 318 (6.6). 174 (15.8), and 161 
(100.0). Anal. Calcd. for C33H43NO4: C, 76.56; H, 8.37; N, 2.71. Found: C. 76.45; H, 
20 8.37; N, 2.70. 

EXAMPLE 30 

• This example illustrates Ihe preparation and properties of 17a.21 - 
Dimethoxy-llp-(4-acetylphenyl)-19-noipregna-4,9-diene-3.20-dione (113d) (Figure 8): 

Step 1. 3,3-Ethylenedwx}h5a-hydro:qhliP-M'(2-methyl-l,3-dioxolan-2' 
25 yl)phenylJ-17a,21-dimethoxy-19-norpregtt-9-en-20-ol (llld) : 

Magnesium turnings (289 mg, 1 1 .89 nuuol) were weighed into a 100 mL 

round bottom two-neck flask equipped with a reflux condenser, a magnetic stirrer, and a 

rubber septum. A smaU crystall of iodine was added and the system was flushed with 

nitrogen and flame dried. After cooling to room temperature, freshly distilled TEIF (10 mL) 

30 was introduced Wa syringe followed by a small amount of dry dibromoethane (~0. 1 mL). 

After evidence of reaction was observed (disappearance of I2 color, and bubble formation 
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on metal), a solution of the ketal of 4-bromoacetophenone {see. Example 20, Step 1) (2.89 
g, 1 1 .89 mmol) in dry THF (10 mL) was added via syringe. The mixture was then stiired in 
a hot water bath for 2 hr until the majority of the magnesium was consumed. After the 
reaction mixture was cooled to room temperature, soUd copper (I) chloride (1 1 .8 mg, 1.19 
5 mmol) was added and the mixture was stirred at room temperature for Vi hr. The epoxide 
(110, 1.0 g, 2.38 mmol) in dry THF (10 mL) was added via syringe. The reaction mixture 
^stirred at room temperature for 1 hr then quenched with the addition of saturated 
NH4CI solution (-20 mL). and the mixture was stirred at room temperature for hr while 
air was drawn through the reaction mixture to oxidize Chi(Q to Cu(II). The contents of the 
10 flaskweredilutedwithwater(~100mL)andextractedwithCH2Cl2(3x). Theorganic 
extracts were washed with saturated MH4CI solution (Ix), water (Ix) and brine (Ix). then 
dried over anhydrous sodium sulfete, filtered and concentrated in vacuo to yield 4.3 g of oil. 
This was purified on a flash column (10% acetone in CHaQa) to yield 850 mg of Uld as a 
white foam which was triturated with ether to produce a white crystalline soUd in 61 .2% 
15 yield; m.p. = 145-1 50°C (Material changed to amber gel) and gel melts at 173 - 177°C. 
FTIR (KBr, difiuse reflectance): v„^ 3461. 2946, 2877. 2812, 1663. 1602, 1540. 1505, 
1457 and 1372 cm"'. NMR (300 MHz, CDCI3): 8 0.443 (s, 3H, CI8-CH3), 1-636 (s, 3 H. 
CH3 of acetophenone ketal), 3.289 (s, 3 H, CHa-OCHs), 3.358 (s, 3 H, C2I-OCH3). 3.741- 
4.015 (m, 8 H, C3- and CI IM" acetyl ketals), 4.244 (br s, 1 H. CI la-CH), 7.165-7.327 
20 (dd, 4 H, aromalic-CH's). MS (EI) m/z (relative intensity): 584 (M^. Anal. Calcd. for 
C34H48O8: C, 69.86; H, 8.22. Found: C, 69.63; H, 8.28. 

Step 2. 3,3-Ethylenedioxy-Sa-hydroxy-llHH2-ntethyW'dim^^^ 
yl)phenylJ'17a^21-dimethoxy-19-mrpregn-9HM-20-one(llM^ 

Under nitrogen, IBX (1.149 g, 4.104 mmol) was dissolved in DMSO (8 mL) over a 
25 periodoflOmin. A solution oftheGrignard product (llld, 800 mg, 1.368 mmol) in 

DMSO (8 mL) was added via pipette to the above solution and the reaction mixture stined 
at room temperature for hr. At that time, TLC (1 0% acetone in CHaCb; aHquot was 
diluted in water and extracted into EtOAc) showed the starting material had been converted 
to a single less polar product. The reaction was diluted with H^O (-150 mL) and extracted 
30 with CH2CI2 (3x). The organic layers were washed with H2O (Ix) and brine (Ix), dried 
over anhydrous sodium sulfate, filtered and concentrated in vacuo to give 820 mg of 112d 
as an off-white foam. This was purified on a flash column (10% acetone in CH2CI2). The 
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product was originally obtained as a foam and was triturated with pentane and dried in 
vacuo to yUed 540 mg of md as a white sohd in 73% yield; m.p. = 102 - lOe^C (shrinkage 
to an amber gel); 1 1 1 - 1 13°C (gel bubbles); 123 -U3°C (gel melts). FTIR (KBr, difiuse 
reflectance): v™x 3526. 2939, 2884, 2825, 1722. 1665 and 1604 cm'^ NMR(300MHz, 

5 CDCI3): 5 0.190 (3, 3 H, CI8-CH3), 1.625 (s. 3 H. CH3 of acetophenone ketal). 3.146 (s. 3 
H, Cna-OCHj). 3.445 (s, 3 H, C2I-OCH3). 3.742 and 4.015 (m, C3 and CllM" 
acetylphenyl ketals). 4.310 (d. 1 H. CUa-CH), 7.119 - 7.332 (dd, 4 H. aromaticCH's) MS 
(EI) m/z (relative intensity): 582 (M*). Anal. Calcd. for C34H4fi08: C, 70.08; H, 7.96 
Found: C, 70.11; H, 8.01. FTER. (KBr, diffuse reflectance): v,«« 3526, 2939, 2884, 2825, 

10 1722, 1665 and 1604 cm'^ NMR (300 MHz, CDQa): 5 0.190 (s, 3H, CI8-CH3), 1.625 (s. 
3 H, CH3 of acetophenone ketal), 3.416 (s. 3 H, Cna-OCHj). 3.445 (s, 3 H, C2I-OCH3). 
3.742 and 4.015 (m, C3 and Clip-4-acetylphenyl ketals), 4.310 (d, 1 H. Clla-CH), 7.119 - 
7.332(dd,4H,aromatic-CH). MS (EI) m/z (relative intensity): 582 (M*). Anal. Calcd. 
for C34H46O8: C, 70.08; H, 7.96 Found: C, 70.11; H, 8.01. 

15 Step 3. Preparation ofthe target compound n3d: 

Nitrogen was bubbled through a mixture of EtOH (925 mL) and 8.5% 
sulfuric acid for hr to remove oxygen. The 20-ketone (112d, 520 mg, 0.892 mmol) was 
added as a soUd with stirring to the above solution. The mixture was put into an oU bath 
preheated to 95°C and was refluxed under nitrogen for 1 hr. The reaction mixture was 

20 cooled in an ice bath and quenched with saturated K2CO3 solution (pH = 10), diluted with 
water (-125 mL) and extracted with CH2CI2 (3x). The organic fractions were washed with 
water and brine, dried over anhydrous Na 2SO4, filtered and concentrated in vacuo to give 
460 mg ofthe crude product. Flash chromatography (10% acetone in CH2CI2) gave 
377 mg of an off-white pale yellow soUd. This was crystallized from a mixture of distilled 

25 ether and CH2CI2 to yield 360 mg of 113d in 81% yield as a white crystalline soUd in two 
batches. The product 113d retained CH2CI2 and required extreme drying: m.p. = 
133.136°C (foams) and 172-178''C (foam melts). FTIR (KBr. diffuse reflectance): v^ax 
2942, 1719. 1681. 1665, 1600, 1409, 1359 and 1272 cm"*. NMR (300 MHz, CDCI3): 
5 0.264 (s, 3 H, CI8-CH3), 2.571 (s, 3 H, CH3 of acetophenone ketal), 3.185 (s, 3 H, 

30 C17a-OCH3), 3.449 (s, 3 H, C2I-OCB3), 4.183 and 4.385 (dd, 2 H, C2I-CH2-), 4.456 and 



wo 01/74840 



105 



PCTAJSOl/08681 



4.481 (d. 1 H, CI lo-CH). 5.90 (s. 1 H. C4-CH=), 7.247 - 7.7883 (dd, 4 H, aromaticCH's). 
MS (EI) m/z (relative intensity): 476 (M+, 35). 403 (93), 371 (100). 331 (67) and 91 (26). 
Anal. Calcd. for C30H36O5: C, 75.63; H,7.56. Found: C, 74.78; H. 7.58. 

EXAMPLE 31 

5 This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 

[4-(N-piperidino)phenyl]-21-methoxy-19-norpregna-4.9-diene-3.20-dione(123a): 

Step 1. 17a-Hydroxy-21-cltU>ro-19-norpTegna-4,9-diene-3,20-dione (US): 

The 3-ketal cyanohydrin (98, 50g, 73.22 nunol) was magnetically stirred 
with freshly distilled THF (550 mL) under nitrogen at room temperature. 4- 

10 Dimethylaminopyridine (DMAP) (4.47 g, 36.59 mmol) was added as a soUd. Freshly 
distilled EtaN (27.60 mL, 197.68 mmol) followed by freshly distilled chloro- 
(chloromethyl)dimethylsilane (25.1 mL. 190.36 mmol) was added via syringe. The 
reaction was allowed to stir overnight at room temperature. The next day TLC on silica 
(2% acetone in CH2CI2) showed all starting material had been converted to the silyl ether. 

15 The reaction mixture was cooled to -78°C in a dry ice bath with isopropanol, and then 

diluted with THF (800 mL). Lithium diisopropylamide (LDA) (2.0 M, 300 mL, 600 mmol) 
was added dropwise to the reaction via an additional funnel over a period of 45 min. Once 
addition was complete, the reaction was stirred for 1 .5 hr at -78°C. HCl (4 N, 1250 mL, 
5 mol) was added via the addition funnel. The dry ice bath was removed, and the reaction 

20 was allowed to stir overnight at room temperature. The reaction mixture was Ihen cooled to 
0°C and neutralized by the addition of concentrated NH4OH (305 mL). The mixture was 
transferred to a separatory funnel and extracted with EtOAc (3x). washed with H2O (2x) 
and brine (Ix). The organic fractions were combined, filtered through Na2S04 and 
evaporated in vacuo. The resulting solid was triturated with ether (1000 mL), collected on 

25 a Buchner fimnel, and washed with additional ether. After drying overnight in vacuo, 

38.90 g of 115 as a dark yellow soUd was recovered in 76.61% yield. Analysis by TLC on 
siUca (5% acetone in CH2CI2) showed the material was suitable to carry directly on to the 
next reaction; m.p. = 204 - 207°C. FTIR (KBr, diffuse reflectance): v.«« 3465. 2946. 1729, 
1664. 1599 and 1573 cm'^ NMR (300 MHz, CDCI3): 8 0.833 (s, 3 H, CI8-CH3), 4.352 

30 and 4.655 (AB. 2 H, Jab = 16.8 Hz, C2I-CH2) and 5.687 (s, 1 H, C4-CH=) MS (EI) m/z 
(relative intensity): 350 (M", 33.1), 348 (100.0), 253 (63.7), 213 (71.5) and 91 (62.6). 
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Step 2. lla-HydToyy- 21-acetoxy-19-norpregna-4,9-diene-3,20-dione (116): 
The 21-chloro compound (115, 37.90 g, 108.64 mmol), KOAc (111.83 g, 
1139.63 mmol) and acetonitrile (927 mL) were mechanicaUy stiired. The suspension was 
brought to reflux under nitrogen. After 2 . 5 hr, TLC on siUca (5 % acetone in methylene 
5 chloride) indicated the reaction had gone to con?)letion. The reaction mixture was allowed 
to cool to room temperature, and precipitated KCl was removed by filtration through a 
sintered glass funnel. Acetonitrile was evirated in vacuo, and the resulting residue was 
taken up in CH2CI2 and H2O. The mixture was transferred to a sepaiatory funnel, extracted 
with CH2CI2 (3x). and washed with H2O (2x) and brine (Ix). The organic fractions were 
10 combined, filtered through NazSOA and evaporated in vacuo to give 36.26 g of 116 in 

89.61% crude yield. The soUd material was taken up in hot acetone (150 mL) and CH2CI2 
(ISOmL). The solution was scratched, seeded and stored in the freezer fiw 4 hr. The 
crystals were then filtered through a Buchner funnel and dried in vacuo to recover 10.71 g 
of the 17a-ol-21-acetate (116) in 52.14% yield. The mother Uquor was ev^orated in vacuo 
15 and purified by flash column chromatogr^hy eluted with 10% acetone in CH2CI2. 

Fractions containing the 17a-ol-21 -acetate (116) were combined and evaporated in vacuo to 
recover 2.58 g of a golden yeUow solid in 12.61%. The total yield of the purified 17a-ol- 
21-acetate (116) was 13.29 g of a golden yeUow soUd in 64.7% yield; m.p. = 213 - 218''C. 
FTIR(KBr,difiuse reflectance): v«« 3475. 2947, 2951, 1744, 1720, 1646, 1606, 1578, 
20 1367 and 1235 cm\ NMR (300 MHz, CDCI3): 5 0.841 (s, 3 H, CI8-CH3). 2.182 (s, 3 H, 
C21-0AC). 4.868 and 5.081 (AB, 2 H, Jab = 17.4 Hz, C2I-CH2) and 5.683 (s, 1 H, 
C4-CH=) MS (BI) m/z (relative intensity): 372 (M^, 78.3). 354 (9.7), 312 (75.6), 253 
(100.0) and 91 (69.3). 

Step 3. 17a,21-Dihydroxy-19-norpregna-4,9-diene-3,20'dione (117): 
25 The 17o-ol-21-acetate (116) (35.15 g, 94.37 mmol) was suspended in freshly 

opened MeOH (2870 mL) and deoxygenated by bubbling nitrogen through the mixture for 
45 min. KHCO3 (deoxygenated, 0.5 283 mL, 141.74 mmol) was added, and the 
suspension was mechanically stirred and brought to reflux under nitrogen. After 
10 minutes at reflux, TLC on siUca (5% isopropanol in CH2CI2) showed the reaction to be 
30 complete. The reaction mixture was cooled to room temperature, neutralized by the 

addition of HOAc (8.15 mL), and MeOH was evaporated in vacuo. The reaction mixture 
was extracted with CH2CI2 (3x). and washed with H2O (2x) and brine (Ix). The combined 
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organic fractions were filtered through Na2S04 and evaporated in vacuo to recover 29.83 g 
of the soUd in 95.7% yield. The soUd was taken up in acetone with a small amount of 
CH2CI2. The solution was scratched, seeded and stored in the freezer for 1 hr. The resulting 
crystals were collected on a Buchner finrnel, rinsed with acetone and dried in vacuo to 

5 recover the first crop. The mother liquor was concentrated and stored in the freezer 

overnight to afford a second crop of crystals. The combined soUd recovered was 16.15 g in 
51.8% crude yield. The mother Uquors were evaporated in vacuo and purified by flash 
column chromatography eluted with 5% isopropanol in CH2CI2. Fractions containing the 
diol (117) were combined and evaporated in vacuo to recover 4.86 g. The total yield of 117 

10 was 19J5 g of a Ught yellow soUd in 76.7%; m.p. = 197 - 204°C. FTIR (KBr, difiRise 
reflectance): v„« 3917. 2954, 2869. 1715, 1635. and 1590 cm''. NMR(300 MHZ. 
CDCI3): 5 0.827 (s, 3 H. CI8-CH3), 4.323 and 4.690 (AB. 2 H, Jab = 19.81 Hz, C2I-CH2) 
and 5.686 (s, 1 H, C4-CH=). MS (EI) m/z (relative mtensity): 330 (M^, 100.0). 312 (10.1), 
253 (61.7), 213 (64.5). 174 (26.1) and 91. (38.5). 

15 Step 4. 3,2O-bis-Ethylenedi0xy-17a,21-DUtydroxy-J9-noTpregHa-5(JO),9(lJ)^ 

diene(118): 

The diol (117, 9.88 g, 29.89 mmol) and freshly opened ethylene glycol 
(750 mL) were magnetically stirred. /)-Toluenesulfonic acid monohydrate (0.49 g, 2.60 
inmol) was added to the suspension as a soUd. The ethylene glycol was distilled in vacuo at 

20 81°C under 2 mm Hg. After distUling for 3 hr, the mixture was cooled to room temperature 
and poured into saturated NaHCOa (250 mL) and H2O (250 mL). The mixture was 
extracted with CH 2CI2 (3x), washed with H2O (2x) and brine (Ix). The organic fiactions 
were combined, filtered through sodium sulfate and evirated in vacuo to recover a soUd. 
Analysis by TLC on siUca (5% isopropanol in CH2CI2) showed aU of the starting material 

25 to be converted to an 85:15 mixture of 3,20-diketal to 3-ketal with a small amount of by- 
product. The resulting solid was triturated with ether, coUected on a Buchner fimnel, 
washed with additional ether and dried in vacuo to recover 6.46 g of 118 in 51.64% yield. 
The mother liquor was evaporated in vacuo and purified through flash chromatography 
eluting with 4% isopropanol in CH2CI2. This recovered 0.6 g of the light beige, soUd 

30 diketal in 4.8% yield. The total yield of the soUd diketal (11§ was 7.06 g of a Ught beige 
soUd in 56.44% yield; m.p. = 173 - 176°C. FTIR (KBr, difiuse reflectance): v„^ 3452, 
2892, 1652, 1436, 1370. 1223 and 1055 cm^^ NMR (300 MHz, ODCla): 6 0.795 (s, 3 H, 
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CI8-CH3), 3.686 and 3.894 (AB. 2 H, Jab = 12.61 Hz, C2I-CH2), 3.987 (s. 4 H, C3- 
OCH2CH2Q-). 4.130 (m, 4 H, C2O-OCH2CH2O-) and 5.555 (br s, 1 H, CI 1-CH=). MS(EI) 
m/z (relative intensity): 418 (M^. 5.6), 400 (0.7). 387 (3.9). 314 (3.5), 211 (4.6) and 103 
(100.0). 

5 Steps. 3,2O-bis-Ethylenedi0xy-17a-hydrox3h21'methoxy-19-norpregna- 

S(10),9(ll)-diene (119): 

To a solution of the diketal (118, 0.5 g. 1.19 nimol) in CH2CI2 (50 mL) was 
added l,8-to-(dimethylainino)naphihalene CTroton Sponge". 1.28 g, 5.97 mmol) followed 
by trimethyloxonium tetrafluoioborate (0.88 g. 5.97 nmol). The mixture was mechanically 
10 stirred in an ice bath under nitrogen. Hie ice bath was allowed to melt to bring the reaction 
to room temperature. The reaction mixture was stirred for 3 hr. at which time TLC (5% 
isopropanol in CH2CI2) indicated the reaction had gone to completion. Themixturewas . 
poured into a separatory fimnel and washed with H2O (2x). The CH 2CI 2 extracts (3x) 
were combined, filtered through Na2S04 and evaporated in vacuo. The resulting residue 
15 was taken up in EtOAc. washed with ice-cold IN HCl (2x), H2O (Ix), saturated NaHCOs 
(Ix). H2O (Ix). and brine (Ix). Combined EtOAc fractions (3x) were filtered through 
Na2S04 and evaporated in vacuo to give 0.5 g of 119 as a yeUow foam in 97. 14% yield 
Tie material was of adequate purity to carry onto the subsequent epoxidation. Hie reaction 
was repeated to produce a total of 13.57 g of the 21-methoxy compound (119). NMR 
.0 (300MHz. CDCI3): 6 0.798 (s. 3 H.C18^H,). 3.415 (s. 3 H.C2I-OCH3), 3.546 and 3.715 
(AB. 2 H. Jab = 10.51 Hz. C2I-CH2). 3.985 (s. 4 H. C3-Ogi2gi20.). 4.05 (m. 4 H. C20. 
OCH2CH2O-) and 5.54 (br s. 1 H. C11-CH=). Decomposition of analytical sample 
precluded fiirther analysis. 

Step 6. 3,20-\>\s-Ethylenedhxy-5a,10a^oxy-17a-hydroxy-21-mem^^ 
25 norpregn-9(ll)-ene (120): 

Hexafluoroacetone trihydrate (6.49 mL. 46.64 mmol) and CH2CI2 (100 mL) 
were mechanically stirred vigorously at 4°C. SoUd Na2HP04 (3.67 g. 25.91 mmol) and 30% 
H2O2 (7.01 mL. 68.39 mmol) were added and stirred for 15 minutes at 4°C. A cold solution 
of the 21-methoxy conqjound (119, 13.45 g, 31.09 mmol) in CH2CI2 (100 mL) was added 
30 tothemixtureWaanadditionalfiumeloveraperiodoflhr. Hie reaction mixture was 
allowed to stir overnight at 4°C. Examination by ILC (25% EtOAc in CH2CI2) showed all 
of the starting material had been converted to a mixture of the a and p epoxides in about a 
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2:1 ratio. The mixture was transferred to a separatory fuimel and washed with 10% NajSOa 
(Ix). saturated NaHCOa (Ix) andH^O (Ix). Combined CH2CU extracts (3x) were filtered 
through Na2S04 and evaporated in vacuo to recover 14.06 g of the epoxide (120) as a white 
foam in quantitative yield. The 2:1 mixture of a- and p- epoxides was used directly for the 
5 subsequent Grignard reaction. NMR (300 MHz. CDCI3): 8 0.700 (s. 3 H. CI8-CH3), 3.407 
(s. 3 H, C2I.OCH3). 3.539 and 3.692 (AB. 2 H. Jab = 10.51 Hz. C2I-CH2), 4.051 (m. 8 H. 
C3. and C20-OCH2CH2O-). 5.819 (br s, 0.3 H, CI 1-CH= of p-epoxide), and 5.997 (br s, 
0.6 H. CI 1-CH= of a-epoxide). Decomposition of analytical sample precluded further 
analysis. 

10 Step 7. 3aO-h\srEthyknedioxy-5a,17a-^mydroxy-llH4-(N-pipemmo)phenyl^ 

21-methoxy-l 9-norpregn-9-ene (121a): 

Magnesium (1.27 g, 52.25 mmol), a crystal of iodine, dry THF (55 mL), and 
one drop of 1,2-dibromoethane were stirred together in dry glassware over nitrogen. A 
solution of N-(4-bromophenyl)piperidine {see, EXAMPLE 23. Step 1) (13.80 g, 

15 57.48 mmol) in dry THF (45 mL) was added to tiie reaction flask, then rinsed in with an 
additional 10 mL of THF. The mixture was heated until all of the magnesium metal was 
gone. The reaction was aUowed to reflux for 1.5 hr, and then cooled to room temperature. 
Copper (I) chloride (0.57 g, 5.75 mmol) was added and stirring continued for 1 hr. A 
solution of the epoxide (120, 4.69 g, 10.45 mmol) in dry THF was added to flie reaction and 

20 rinsed in witii an additional 10 mL of THF. The reaction was stirred under nitix)gen. at 
room temperatijre, for 1 hr. The reaction was quenched with satiirated NH4CI (138 mL). 
Air was drawn tiirough the mixture with vigorous stirring for 20 min. Hie mixture was 
transferred to a separatory funnel, extracted with ether (3x), washed with H2O (2x) and 
brine (Ix). The combined organic fractions were dried with Na2S04 for ¥1 hr. and 

25 evaporated in vacuo to recover 12.97 g of the crude product. Analysis by TLC (20% 
acetone in CH2CI2) showed many impurities. The crude material was triturated with 
pentane to recover 4.45 gofapale green solid. Analysis by TLC (20% acetone in CH2CI2) 
showed a small amount of by-product stiU present. The precipitate was further purified by 
flash column chromatography (10% acetone in CH2CI2). Fractions containing the pure 

30 Grignard adduct (121a) were combined and evaporated in vacuo to recover 2.56 g of an 
aqua-green soUd in 40.17% yield. The mother Uquors from tiie trituration were combined 
and evaporated in vacuo to recover 8.15 g of material. Purification of this material by flash 
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column chromatography (20% acetone in CH2CI2) afforded 0.29 g of a green gum. All 
recovered products were combined and triturated with ether to recover a total of 2.16 g of 
Grignard adduct (121a) in 33.9% yield; m.p. = 218 -220''C. Fim (KBr, difiuse 
reflectance): v«« 3508, 2940. 1609 and 1509 cm'^ NMR(CDCl3): 5 0.449 (s, 3 H. C18- 
5 CH3). 3.094 (t ,10 H. -NC5H10), 3. 437 (s, 3 H, C2I-OCH3), 3.989 (m. 10 H, C3 and C20- 
OCHaCHzO- and C2I-CH2-). 6.822 (d, 2 H, J = 8.85, 3', 5' aiomatic-CH's) and 7.067 (d. 
2 H, J = 8.85 Hz, 2', 6' aromatic-CH's). MS (EI) m/z (relative intensity): 609 (M^ , 29.1), 
591 (46.6), 364 (8.6), 174 (29.2), 161 (100.0) and 117 (96.4). AnaL Calcd. for 
C36H51N7 I/3H2O: C. 70.22; H, 8.46; N. 2.27. Found: C, 70.10; H. 8.33; N, 2.40. 

10 Step 8. 17a-Hydroxy-llH4-(N-pipermo)phenylJ-21-meaio^-19'notTreg^^ 

4,9-diene-3,20-dione (122a) : 

A solution of the Grignard adduct (121a, 2.10 g, 3.44 mmol) in THF 
(20 mL) was mechanically stirred under nitrogen at room temperature. Trifluoroacetic acid 
(60 mL, 764.26 rmnol) and H2O (20 mL) were added, and the mixture was stirred under 

15 nitrogen for 3 hr. Examination by TLC (20% acetone in CH2CI2) showed the reaction had 
gone to completion. He reaction mixture was cooled in an ice bath, and NH4OH 
(51.46 mL) was slowly added to neutralize the reaction to apH of 7 by pH paper. The 
mixture was transferred to a separatory funnel, extracted with EtOAc (3x). The organic 
fractions were washed wifli HjO (2x) and brine (Ix). The combined EtOAc fractions were 

20 driedwithNa2SO4andevaporatedwvflCMotogivel.70gofanamberfoam. Thecrude 
product was purified by flash column chromatography (20% acetone in CH2CI2) to recover 
1.16 g of 122a as a bright yeflow foam in 66.95% yield; m.p. =211 -216''C. FIIR (KBr, 
diffiise refl^ce): v™, 3429, 2941, 1721, 1648, 1601 and 1511 cm'^ NMR (CDCI3): 
5 0.391 (s. 3 H, CI8-CH3), 2.979 (t ,10 H. -NC5H10), 3. 454 (s, 3 H, C2I-OCH3), 4.243 and 

25 4.383 (AB, 2H. Jab = 17.71 Hz, C2I.CH2-). 5.762 (s, 1 H, C4-CH=), 6.820 (d, 2 H, J = 

8.55 Hz, 3', 5- aromatic-CH's) and 6.980 (d, 2 H, J = 8.55 Hz, 2', 6' aromatic-CH's). MS(EI) 
m/z (relative intensity): 503 (iVf , 57.9), 318 (5.8). 174 (12.3) and 161 (100.0). And. 
Calcd. for C32H4iN04-l/3H20: C, 75.42; H, 8.24; N, 2.75. Found: C, 75.23; H, 8.04; N, 
2.94. 

30 Step 9 Preparation of the target compound 123a: 

A mixture of CH2CI2 (50 mL), trifluoroacetic anhydride (11.70 g. 
55.65 mmol) and glacial acetic acid (3.35 g, 55.59 mmol) was stirred under nitrogen at 
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room temperature for hr. The mixture was cooled in an ice bath, and/7-toluenesulfomc 
acid monohydrate (0.47 g. 2.45 mmol) was added. The 17a-0H (122a, 1.12 g, 2.22 nunol) 
dissolved in GHjCh (7.5 mL) was transferred to the reaction flask and then rinsed in with 
an additional 8 mL of OfcClj. The reaction mixture was stirred at 0°C for 2 hr. 

5 Examination by TLC (10% acetone in CRzai) showed the reaction had gone to 

completion. The reaction was kept at 0»C and diluted with H^O (30 mL). then neutralized 
by the addition of NH4OH (1 1 .45 mL) . Additional NH4OH was added untillhe pH of 6 - 7 
by pH paper was reached. Tlie mixture was transferred to a separatory fimnel, the layers 
allowed to separate and CH2CI2 fractions then washed with H2O (Ix) and brine (Ix). TTie 

10 organic fractions were filtered through Na2S04 and evaporated in vacuo to give 1.21 g of a 
dark yeUow foam. The crude product was purified by flash column chromatography (10% 
acetone in CH2CI2) to give 1.08 g of 123a as abright yeUow foam . The purified product 
was then triutrated with pentane to give 0.92 g of 123a as a pale yellow powder in 76% 
yield; m.p. = 142 - 144''C. FTIR (KBr, diffuse reflectance): v„^ 2941, 2360, 2338, 1737, 

15 I664! 1608 and 1512 cm"'. NMR (CDCU): 8 0.378 (s, 3 H. CI8-CH3), 2.105 (s, 3 H, 

C17a-0Ac). 3.095 (t ,10 H. -NCsHio). 3. 413 (s, 3 H, C2I-OCH3), 4.099 and 4.307 (AB, 2 
H, J AB = 17.11 Hz, C21-CH 2-), 4.377 (d, 1 H, J = 6.60 Hz, CI la-CH), 5.779 (s, 1 H, €4- 
CH=). 6.810 (d. 2 H, J = 8.70 Hz, 3', 5' aromatic-CH's) and 6.973 (d, 2 H, J = 8.70 Hz, 2\ & 
aromatic-CH's). MS (EI) m/z (relative intensity): 545 (M^, 34.5), 485 (8.6). 412 (2.2), 174 

20 (10.1). 161 (100.0) and 105 (2.5). Anal. Calcd. for C34H43NOS I/IOH2O: C, 74.59; H, 
7.95; N, 2.56. Found: C, 74.58; H, 7.89; N, 2.65. 

EXAMPLE 32 

This example illustrates the preparation and properties of 17a-Acetoxy-l Ip- 
(4-acetylphenyl)-21-methoxy-19-norpregna-4,9-di«i^3,20^one (123b) (Figure 9): 

25 Step 1. 3,20^iiSrEthylenedwxy-5aA7a-dihydroxy-llHH2-niethyl-l,3-dio^ 

2-yl)phenyl]-21-meatoxy-19-norpregn-9-ene(121^: 
A 3-neck 1 L flask was euipped with a mechanical stirrer, an addition 
fiinnel, and a reflux condenser and flame-dried under a stream of nitrogen. Magnesium 
(3.90 g, 146 mmol) was added, followed by one iodine crystal, 150 mL of dry THF, and 1-2 
30 drops of 1,2-dibromoethane. The mixture was stirred under nitrogen and heated in a warm 
water bath, but no reaction occurred. 4-Bromoacetophenone ethylene ketal (see. 



wo 01/74840 



112 



PCT/USOl/08681 



EXAMPLE 20, Step 1) (35.5 g, 146 mmol) was added as a solution in THF (100 mL) via 
the addition funnel and then rinsed in with additional THF (40 mL). Upon completion of 
addition, flie mixture was heated to reflux to initiate foimation of die Grignard reagent. 
Heating was discontinued and the mixture allowed to stir 1.5 hr as tiie water bath gradually 

5 cooled to room temperature. Copper (I) chloride (1 .59 g, 16.06 mmol) was added as a soUd 
and stirring continued for another Vz hr. The mixture of epoxides (120 , 13.11 g, 29.2 mmol, 
-66% a-epoxide) was added as a solution in THF (50 mL) via the addition funnel and 
rinsed in with additional THF (20 mL). After stirring 1.5 hr at room tenq)erature, TLC 
(20% acetone in CHjCU; quenched with saturated NH4CI and extracted into EtOAc) 

1 0 indicated the reaction was >95% complete. The reaction was quaiched by the addition of 
200 mL of saturated NH4CI and air was drawn through the mixture for 54 hr with vigorous 
stirring. Ether was added, the mixture was transferred to a separatory funnel, and the layras 
allowed to separate. The organic layer was washed with 10% NH4CI, H2O and brine. 
Combined ether extracts (3x) were filtered through Na2S04 and evaporated in vacuo to give 

15 35.23 g of the crude product (121b) . Purification by flash column chromatography (20% 
acetone in CH2CI2) aflforded 7.24 g of a pale foam. Trituration of this foam with ether and 
pentane produced 5.93 g of the product (121b) as a beige powder in 50.2% yield (based on 
66% of the mixture as a-epoxide). NMR (CDCI3): 5 0.4 (s, 3 H, CI8-CH3), 1.63 (s, 3 H, 
CH3 of Cllp-4-CfiH4C(0)CH3), 3.45 (s, 3 H, C2I-OCH3), 3.57 - 4.40 (m , 15 H, C3- 

20 OCH2CH2O-. C 1 1 P-OCHzOgzO- and C20- OCH2CH2O-, CI la-CH and C2I-CH2-), 7.2 (d, 
2 H, J = 9 Hz. 2', & aromatic-CH's) and 7.83 (d, 2 H, J = 9 Hz, 3'. 5' aromatic-CH's). MS 
(ET) m/z (relative intensity): 612 (M*, 0.1). 594 (3.3), 549 (15.0), 459 (2.7), 1 17 (100.0) 
and 87 (74.7). Decomposition of the analytical sample precluded furttier analysis. 

Step 2. 17a-Hydroxy-np-(4-acetylpheny0-21-niethaxy-19-ttorpregna-4,9-diene-- 
25 3,20-dione (122b): 

The Grignard adduct (121b, 5.81 g, 9.48 mmol) was dissolved in THF 
(60 mL) and stirred magnetically, under nitrogen, at room temperature. Trifluoroacetic acid 
(180 mL) was added foUowed by H2O (60 mL). After 1.5 hr, examination by TLC (20% 
acetone in CH2CI2; neutralized with NH4OH before developing) indicated all of the starting 
30 material had been converted to a slightly less polar product. The reaction mixture was 
neutrahzed by the carefiil addition of NH4OH (165 mL) via an addition funnel. Enough 
additional NH4OH was added to bring flie pH to 7.0 by pH p^er. H2O was added, fte 
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mixture was transferred to a separatory fiinnel, and extracted with EtOAc. The organic 
fraction was washed again with H2O and brine. Combined EtOAc fractions (3x) were 
filtered through NaiSOA and evaporated in vacuo to give 6.60 g of a foam. Purification of 
the crude product by flash colunm chromatography (20% acetone in CH2CI2) afforded a 
5 yellow solid (122b). Crystallization firom a minimmn amount of hot EtOAc gave large, 
bright yeUow crystals. The crystals were coUected on a Buchner fiannel and dried overnight 
under high vacuum at 70°C to recover 2.84 g of mb. A TLC of the mother Uquors 
indicated they were pure enough to carry on to the subsequent reaction. The mother liquors 
were evaporated in vacuo and dried under high vacuum over the weekend to recover 0.46 g. 
10 The total yield of the 17a-0H (122b) was 3.3 g as bright yellow crystals in 75.25% yield. 
A small amount of the crystalline product was dried in vacuo at 1 ICC over the weekend 
for purposes of characterization. The crystals were fused and pulverized with a spatula; 
m.p. = 105 - 109°C (softens). Analysis by HPLC on a Phenomenex Prodigy 5 ODS-2 
column (1 50 X 4.6 mm) eluted with 50% CH3CN in H2O at a flow rate of 1 mL per min and 
15 X = 302 nm indicated a purity of >99% with a retention time (tn) of 5.02 min. FTIR (KBr, 
diffuse reflectance): v„^ 3444, 2944. 1722, 1662, 1602. 1407 1359 and 1271 cm''. NMR 
(CDCI3): 5 0.33 (s, 3 H, CI8-CH3), 2.57 (s, 3 H, Clip-4-C6H4-C(0)CH3), 3. 47 (s, 3 H, 
C2I.OCH3). 4.23 - 4.47 (AB, 2 H, Jab = 18 Hz, C2I.CH2-), 4.52 (br d, 1 H, CI la-CH). 
5.48 (s, 1 H, C4-CH=), 7.3 (d, 2 H, J = 9 Hz, 2', & aromatic-CH's) and 7.92 (d. 2 H, J = 
20 9 Hz, 3', 5' aromatic-CH's). MS (EI) m/z (relative intensity): 462 (M*, 1 00.0), 430 (1 1 .2), 
389 (27.0), 346 (97.9) and 91 (22.3). Anal. Calcd. for C29H34O5-9/20C4H8O2: C, 73.66; H, 
7.55. Found: C, 73.66; H. 7.29. 

Step 3. Preparation of the target compound 123b : 

A mixhire of trifluoroacetic anhydride (32.78 g, 156 mmol) and acetic acid 

25 (9.38 g, 156 mmol) in CH2CI2 (100 mL) was allowed to stir ^ hr at room temperature under 
nitrogen. Hie mixtiire was cooled to O'^C in an ice H2O bath andp-toluenesulfonic acid 
monohydrate (1.30 g, 6.86 mmol) was added as a soUd. The 17a-0H (122b, 2.89 g, 6.24 
mmol) was added as a solution in 25 mL of CH2CI2 and rinsed in wifli additional CH2a2 
(25 mL). After 45 min. TLC (10% acetone in CH2CI2) indicated the reaction had gone to 

30 completion. The reaction was neutralized by the careful addition of NH4OH (31.6 mL, 416 
mmol). Additional NH4OH was added to bring the pH to 7 by pH papaer. Water was 
added and the mixtiire transferred to a separatory funnel. The organic fractions were 
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washed with H2O and brine. Combined CH2CI2 extracts (3x) were filtered through Na2S04 
and evaporated in vacuo to recover 3.13 g of cmde material. Purification by flash 
chromatography (10% acetone in CH2CI2) provided 1 .56 g of a crystalUzing oU. Additional 
fractions containing a small amount of a less polar impurity were also combined and 

5 evaporated to give 1 .04 g of an oil. Pure fiaotions wrae crystallized firom a minimum 
amount oif boiling EtOAc, triturated with pentane and dried 3 nights in a drying pistol at 
1 lO'C to give 0.99 g of 123b as pale yellow crystals. The crystals fused at this 
tempwature, but were readily pulverized for analysis. Mother Uquors were combined with 
the impure fractions and crystallized fam EtOAc to give an additional 0.9 g. Total yield of 

10 123b was 1 .89 g as a pale yellow solid in 60. 1% yield; niLp. = 113"C (softens). 

Analysis by HPLC on a Pheuomenex Prodigy 5 ODS-2 column (150 x 
4.6 mm) eluted with 50% CH3CN in H2O at a flow rate of 1 mL per min and X = 302 nm 
indicated a purity of 99.7% with a retention time (tiO of 7 .69 nun. FTIR (JCBr, difiuse 
reflectance): v^ 2942, 1730, 1680, 1602. 1432, 1408. 1368 and 1266 cm''. NMR 

15 (CDCI3): 5 0.33 (s, 3 H. CI8-CH3). 2.10 (s. 3 H, C17a-0Ac), 2.57 (s, 3 H, CUP- 

C(0)CH3), 3. 42 (s. 3 H, C2I-OCH3), 4.07 & 437 (AB. 2 H, Jab = 18 Hz, C2I-CH2-). 4.50 
(br d. 1 H. CI la-CH). 5.83 (s, 1 H. C4-CH=), 7.28 (d. 2 H, J = 9 Hz, 2'. & aromatic-CH's) 
and 7.92 (d, 2 H, J =9 Hz. 3 ',5' aromatic-CH's). MS (EI) m/z (relative intensity): 504 (M^ . 
3.3), 447 (17.9), 389 (28.4), 371 (100.0) and 91 (13.8). Anal. Calcd. for 

20 C31H36O6 I/6CH2CI2 I/2H2O: C, 70.92; H, 7.13. Found: C. 71.06; H, 6.91. 

EXAMPLE 33 

This example illustrates the preparation and properties of 17a-Acetoxy- 1 ip- 
{4-[2'-(N,N-dimethylamino)elhoxy]phenyl}-21-meaioxy-19-norpregna-4,9-diene-3,20- 

dione (123c) : 

25 Stepl. 3,20-hSs-(Ethyknedu>:^)-5a,17a'dUtydro3^1ip-{'*-'I2'-(N>N- 

dbnethylantino)ethoxyJphenyl}-21'metho:^19-norpregna-4,9-dtene'3,20- 

dione (121c) 

Magnesium (0.58 g, 23.85 mmol), a crystal of iodine, distilled THF (27 mL) 
and one drop of 1,2-dibromoethane were stirred togetiier in dry glassware over nitix)gen. A 
30 solution of 4-[2-(dimethylamino)ethoxy]phenyl bromide (Robertson, et ai, J. Org. Chenu, 
47:2387-2393 (1982)) (6.41 g, 26.24 mmol) m distilled THF was added to the reaction 
flask, then rinsed with an additional 5 mL of THF. The mixture was heated until all tiie 
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magoesium was gone. The reaction was aUowed to reflux for 2 hr., and then cooled to 
room temperature. Copper (I) chloride (0.26 g, 2.63 mmol) was added and stiiring 
continued for 1 hr. A solutionof the 5a.lOa-epoxide (120. 14 g. 2.63 mmol) in distilled 
THF and rinsed with an additional 5 mL of THF. The reaction was stirred over nitrogen at 
5 room temperature for 1 hr. After cooling the reaction flask in an ice water bath, the 
reaction was quenched with water (79 mL). Air was drawn through the mixture with 
vigorous stining for 20 min. The mixture was transferred to a separatory funnel, extracted 
with ether (3x). washed with water (2x) and brine (Ix). The combined organic fractions 
were dried over sodium sulfate for V4 hr. and evaporated in vacuo to recover 3.21 g of a 
10 thick amber oil. Ether (50 mL) was added to this material, and a small precipitate was 

visible. The organic product was found to remain in the mother liquor. After removing the 
ether, the crude material was triturated with hexanes and a small amount of ellier. A small 
precipitate formed, but once again the product was found in the filtrate by TLC (10% 
isopropanol in CH2CI2). The crude material of 1.27 g recovered was a dark, amber oU. The 
15 material was further purified by flash column chromatography (10% isopropanol in CH2CI2 
with 0.1% EtsN). All by-products were removed, and the product was flushed off the 
column with 10% isopropanol in CH2CI2 with 1% EtjN to recover 0.76 g of a yellow gum. 
nie material was triturated with ether and a small amount of CH2CI2. After storing in the 
freezer overnight, a smaU precipitate formed, and the ether (containing the product) was 
20 decanted offtoobtain.0.56g of material. The crude product was further purified by another 
flash column (10% isopropanol in CH2CI2 with 1% EtjN) to recover 0.50 g of a yeUow oil. 
This material was analyzed by HPLC on a NovaPak Cis column eluted with 55% CH3CN in 
H2O with 0.05% EtaN at a flow rate of 0.5 mL/min and at ^ = 280 nm and indicated a purity 
of 17.83%. The material was then purified by prep HPLC on a Waters Assoc. Prep Nova- 
25 Pak HR C,8 (611) column (40 x 10 mm) eluted with 55% CH3CN in H2O wifli 0.05% EtjN at 
a flow rate of 25 mL per min and at X = 280 nm. Further analysis by HPLC on a Waters 
Assoc. NovaPak Cg column elated with 55% CH3CN in H2O with 0.05% EtaN at a flow 
rate of 0.4 mL per min and at = 280 nm indicated a purily greater than 99.99% with tR of 
10.21 niin. CH3CN was removed from the fraction containing tiie product, and the aqueous 
30 layer with product material was extracted with EtOAc (3x). The organic fractions were 
then washed with H2O (x) and brine (x), dried over NazSOA and evaporated in vacuo to 
recover 0.35 g of white foam (121c) in 1 1.95% yield. A small amount of the material was 
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triturated with pentane to use as the analytical sample, and the remainder of it was canied 
onto thehydrolysis;m.p. = 179 -183°C. FTIR (KBr. diffuse reflectance): v^x 3508. 2942. 
2894. 2818. 2772. 1610. 1580 and 1509 cm NMR (300 MHZ. CDCI3): 5 0.443 (s, 3 H, 
C18.Me). 3.435 (s. 3 H. C21.0Me). 4.048 (m, 10 H, C3- and C20-OCH2CH2O- and C21- 
5 CH2). 6.803 (d, 2 H. J = 8.70 Hz. aromatic-CH's) and 7.099 (d, 2 H. J = 8.70 Hz. aromatic- 
CH's). MS (ED miz (relative intensity): 614 (M^. 0.3). 595 (1.3). 568 (4.3), 550 (5.5). 117 
(20.1). 71 (3.6) and 58 (100.0). 

Step 2. 17a-Hydroxy-lIHH2'-(N^-dimethylamino)ethoxyJphefQf^^ 
,nethoxy-19-norpregnar4,9-fUene-3aO-dione (122c): 

10 The Grignard product (121c, 0.30 g, 0.49 mmol) in THF (3 mL) was 

mechanically stirred under nitrogen at room temperature. Trifluoroacetic acid (9 mL. 
121 14 mmol) and water (3 mL) were added, and the mixture was stirred for 2.5 hr under 
nitrogen. Examination by TLC (silica, 10%isopropanolinCH,Cl,with0.1%Et3N)was 
difficult to analyze; therefore, the reaction was allowed to stir overnight at room 
15 temp«ature under nitrogen. Another TLC (silica, 10%isopropanolinCH2CUwith0.1% 
Et3N) was done, but the results were difficult to read due to the fact that the product was 
still very polar. Hie reaction was assumed to be complete and diluted with water (35 mL). 
The flask was then cooled in an ice balh. and a cold solution of 2M NaOH (61 mL) was 
slowly added to neutralize the reaction to a pH of 7 (by pH paper), although the mixture 
20 quickly wenttoapH of 12. The reaction mixture was extracted with CH2Cl2(3x) and 
washed with water (2x) and brine (Ix). The combined organic firactions were filtered 
through sodium sulfate and evaporated in vacuo to recover 0.19 g (0.38 mmol) of ayeUow 
oil (122c). The crude product was purified by flash cohmm chromatography (20% 
isop^^ol in CH2CI2 with 0.2% Et3N) to recover 0.15 g of a yellow foam (122c). A small 
25 amount of tiie material was triturated with pentane to use as the analytical sample, and the 
remainder of it was carried onto the acetylation; m.p. = 78 - 82"'C. FTIR (KBr, difiuse 
reflectance): v^ 2944, 1722, 1665, 1607, 1509, 1461 and 1237 cm^ NMR (300 MHZ, 
CDCI3): 5 0.376 (s, 3 H, C18-Me), 3.454 (s, 3 H. C21-0Me). 5.770 (s, 1 H. C4.CH-), 
6.821 (d. 2 H, aromatic-CH's) and 7.099 (d, 2 H, aromatic-CH's). MS (EI) m/z (relative 
30 intensity): 505 (M*, 1.5). 473 (0.5), 436 (3.8), 72 (13.8) and 58 (100.0). 
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Step 3. Preparation of the target compound 123c: 

A mixture of CH2CI2 (6 mL), trifluoroacetic anhydride (0.90 mL, 
6.44 mmol). and glacial acetic acid (0.37 mL, 6.44 mmol) were stirred at room temperature 
under nitrogen for Vi hr. The mixture was cooled in an ice bath, and/?-toluenesulfonic acid 
5 monohydrate (0.05 g, 0.28 mmol) was added. The 17-OH (122c . 0.13 g, 0.26 mmol) 
dissolved in CH2a2 (2 mL) was transferred to the reaction flask and then rinsed with an 
additional 0.5 mL of CH2CI2. The reaction was stirred at 0°C for 5 hr. Examination by 
TLC (20% isopropanol in CH2CI2 with 0.2% EtaN) showed the reaction had gone to 
completion. The ice bath was maintained and water (20 mL) was added. The reaction was 
10 neutraUzed by the addition of cold 2 MNaOH (14 mL) until the pH of 7 - 8 (by pH paper) 
was reached. The mixture was transfenxsd to a separatory funnel, tiie layers allowed to 
separate, and CH2CI2 fractions then washed with water (2x) and brine (Ix). The organic 
fractions were filtered through sodium sulfate and ev^orated in vacuo to recover 0.15 g of 
a dark, yellow foam. The crude product was purified by flash column chromatography 
15 (20% 20% isopropanol in CH2CI2 with 0.2% BtjN) to give 0.08 g of abright yeUow foam. 
These purified fi^ctions were then triturated with ether to recover 0,02 g of a pale yellow 
powder (123c). The mother liquor was further triturated with pentane to give an additional 
0.04 g of 123c. Analysis by NMR showed the material was contaminated with stop cock 
grease; therefore all collected material was combined and fiirther purified by flash column 
20 chromatography (20% isopropanol in CH2CI2 with 0.2% EtjN) to give 0.05 g of a yellow 
powdery foam in 33.78% yield. This material was then tritiirated with pentane to yield 0.03 
g of a pale yeUow powder (123c) m 19.10% yield; m.p. = 115 - 127°C (sintered at 73- 
78°C). FTIR (JCBr, diffuse reflectance): Vmax 2947, 1728, 1665, 1607 and 1509 cm^'. 
NMR (300 MHZ, CDCI3): 5 0.365 (s, 3 H, C18-Me), 2.105 (s, 3 H, C17-0Ac), 2.332 (s, 
25 6 H, -N(CH3)2), 3.414 (s, 3 H, C21-0ME), 5.793 (s, 1 H, C4-CH=), 6.808 (d. 2 H, 

aromatic-CH's) and 7.030 (d, 2 H, aromatic-CH's). Anal. Calcd. for C33H43NO6 I/5H2O: 
C, 72.10; H, 7.88; N, 2.55. Found: C, 71.63; H, 7.91; N, 2.53. 
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EXAMPLE 34 

17a-Acetoxy- llp-{4-[2'-(N-pipcridino) ethoxylphenyl}-21- 
methoxy-19-norpregna-4^-diene-3^0-dionc(123d): 

This procedure was similar to that employed for the production of 123c. 

5 StepL 3,20-bis-mylenedioxy)-5a,17a'dihydroxy-llHH2'-(r^^^^ 

pineridino)ethoxyJphenyl}-21-methoxy-19-norpregna-4,9-dune-3ao- 

dione (121d) : 

Magnesium (1.1 1 g, 45.59 mmol). a crystal of iodine, distilled THF (52 mL, 
distilled over Na and benzophenone), and one drop of 1 ,2-dibromoethane were stirred 
10 together in dry glassware overnitrogen. A solution of 4-[2-(N- 

piperidinophenyl)ethoxy]phenyl bromide (Lednicer, et al. J. Med Chem., 8. 52-57 (1965) 
(14.26 g. 50.16 mmol) in distilled THF (50 mL) was added to the reaction flask, then rinsed 
withanldditionallOmLofTHF. The mixture was heated untQ all ofthe magnesium was 
gone. The reaction was allowed to reflux for 2 hr., and ttien cooled to room temperature. 
15 Copper (I) chloride (0.50 g, 5.03 mmol) was added and stirring continued for 1 hr. A 

solution of the epoxide (120, 7.50 g. 16.72 mmol) in distflled THF (74 ml) was transferred 
to the reaction vessel. The reaction was stirred over nitrogen, at room temperature, for one 
hour. 'naereactionwascooledinanicewaterbathandquenchedwithwater(186mL). Air 
was drawn through the mixture with vigorous stirring for 20 minutes. The mixture was 
20 transferred to a separatory&nnel. extracted with ether (3x). and washed with water (2x) 
and brine (Ix). The combined, organic fractions were dried with sodium sulfate for % hr, 
and evaporated in vacuo to recover 17.32 g (26.49 mmol) of a thick amber oil. Analysis by 
TLC (silica. 10% isopropanol in methylene chloride with a few drops of EtaN) showed a 
very polar, streaking product The entire crude material was carried directly on to the 
25 hydrolysis. Due to the extreme polarity ofthe crude CSrignard product, analytical work was 

not performed. 
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Step 2. 17a-Hydroxy- Ilfi-{4-[2'-(N-pveridino)ethoxyJphenyl}-21-ttKtltoxy-19- 
norpregna-4,9-diene-3,20-dione (122d) : 

The Grignard product (121d, 10.93 g, 16.72 mmol) dissolved in THF (103 
mL) was mechanically stirred over nitrogen at room temperature. Tiifluoroacetic acid 

5 (307.10 mL. 4133.60 mmol. 13.46 M) and water (103 mL) were added, and the mixture 
was stirred over nitrogen, at room temperature, overnight. The reaction was diluted with 
water (750 mL) and cooled in an ice water bath. Ice cold 4 M NaOH (1030 mL) was 
slowly added to neutralize the reaction to a pH of 7 - 8 (by pH paper). The mixture was 
transferred to a separatory funnel, extracted with methylene chloride (3x), and washed with 

10 water (2x) and brine (Ix). The combined methylene chloride ftactions were dried with 

sodium sulfate and evaporated in vacuo to recover 15.33 g of the crude 122d as a gold foam 
in 16.8% yield. 

Step 3 Preparation of the target compound 123d: 

Treatment of the 17a-hydroxy compound (122d. 0.25 g, 0.46 mmol) m 

15 CH2CI2 with a mixed anhydride (1.1.28 mmol) prepared from tiifluoroacetic anhydride, 
acetic acid and;7-toluenesulfonic add monohydrate m CH2CI2 at 0°C for 4.5 hr and work 
up in the usual way followed by purification of the crude product (123d) by Preparative 
HPLC on a Waters Assoc. Prep NovaPak HR dg, 6 pm, 4 x 100 mm) eluted with 50% 
CH3CN in H2O widi 0.05% EtsN at a flow rate of 25 mL per min and at X, = 302 nm. 

20 provided 0.10 g of 123d as a Ught yellow powder in 9.4 % yield; m.p. = 85 - 89»C (sintered 
at 74 - 78°C). FTIR (KBr, difiuse reflectance): v„«x 2938, 1730, 1662, 1608 and 1509 cm" 
NMR (300 MHZ. CDCI3): 8 0.369 (s, 3 H, CI8-CH3), 2.106 (s. 3 H, C17a-0Ac), 2.501 
(m, 4 H, piperidino a-CH2), 2.748 (t, 2 H. OCH2CH2N), 3.413 (s, 3 H, 2I-OCH3). 4.055 (t, 
2 H, OCH2CH2N), 5.787 (s, 1 H, C4-CH=), 6.783 (d, 2 H, J = 9.00 Hz, axomatic-CH's), and 

25 7.010 (d, 2 H, J = 9.00 Hz, aromatic-CH's). MS (EI) m/z (relative intensity): 590 OVT. 87), 
445 (41). 371(100), 355 (71), 299 (39) and 269 (26). Anal. Calcd. for C36H47NO6 75/100 
H2O: C. 73.15; H, 8.04; N, 2.37. Found: C, 72.96; H, 8.11; N, 2.27. Analysis by HPLC 
on a Waters Assoc. NovaPak Cis column eluted with 50% CH3CN in H2O with 0.05% EtjN 
at a flow rate of 1 mL per min and at X = 302 nm indicated a purity of 99.16% of 123d with 

30 tR of 9.95 min. 
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EXAMPLE 35 

This example illustrates the preparatioa and properties of 17a^l- 
Difonnyloxy-llp44-(NJ4^iimethylamino)phenyl]-19-noipregna-4,9-d^^^ 

(139) : 

5 Under nitrogen, a solution of the diol (124, 1.0 g, 2.22 mmol) in formic add 

(96%, 50 mL) was treated with perchloric add (Oliveto, et al.. J. Am. Chem. Soc, 77:3564- 
3567 (1955)) (70%, 0.5 mL, 5.816 mmol) and tide reaction mixture was stirred at room 
temperature overnight. Analysis by TLC (10% acetone/CHjCla) of a small aUquot 
neutralized with cold NH4OH and extracted with EtOAc indicated absence of the starting 
10 material and formation of two less polar products in roughly equal proportions. The 

reaction was diluted with H2O (-200 mL), cooled in an ice bath, and caiefuUy adjusted to a 
pH of 7.5 with concentrated NH4OH. The resulting suspension was extracted with CH2CI2 
(3x). The organic fractions were washed with H2O (2x), filtered through anhydrous sodium 
sulfate, combined and concentrated in vacuo to give 1.3 g of the residue as a yeUow foam. 
15 Analysis by NMR indicated the crude mixture to consist mainly of the 17a-hydroxy-21- 
foimate (140) and the desired 17a,21-diformate (139) in approximately a 45:55 ratio. 
Separation of the two products was accompUshed by flash chromatography (8% 
acetone/CHaCli) to afford 0.62 g of the diformate (139) and 0.49 g of the monoformate 
(140). The diformate (139) was taken up in ether, blown down and triturated with pentane 
20 tT^ve 0.53 g of a yellow soUd inidcated by HPLC on a Waters NovaPak Cw column elued 
with CH3CN/O.O5 M KH2PO4 (45:55) (pH = 3.0) at a flow rate of 1 mL per min and X = 
302 nm) to be only 97% pure. This material was rechromatogr^hed using 7% 
acetone/CHzClz and reprecipitated from EtjO/pentane to give 0.235 g of the pure diformate 
(139) as a yellow amorphous solid in 20.9% yield; m.p. = softens at 1 10 - 1 12''C. Analysis 
25 by HPLC on a Waters NovaPak Cis column eluted with CH3CN/O.O5 M KH2PO4 (45:55) 
[pH = 3.0] at a flow rate of 1 mL per min and X = 302 nm) to be 98.6% pure with a 
retention time (tiO of 6.56 min. FTIR (KBr. diffuse reflectance): v^ 2948, 1726, 1662, 
1612, 1518, and 1169 cm''. NMR (CDCI3): 8 0.460 (s, 3 H, CI8-CH3), 2.908 (s. 6 H, - 
N(CH3)2), 4.407 (d,l H, J = 7.2 Hz, Clla-CH), 4.816 and 5.070 (dd, 2 H, C2I-CH2-), 5.781 
30 (s, 1 H. C4-CH=), 6.651 (d, 2 H, 3', 5' aromatic-CH's), 7.006 (d, 2 H, T, 6' aromatic-CH's), 
8.029 (s, 1 H, C17a-0C(0)H) and 8.165 (s, 1 H, C21-0C(0)H). MS (EI) m/z (relative 
intensity): 505 (t/t, 21.0), 459 (8.6), 431 (7.6) 134 (13.1) and 121 (100). Anal. Calcd. for 
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C34H44N2O6 I/5H2O: C, 70.76; H. 701; N, 2.75. Found: C, 70.76; H, 7.01; N, 2.85. 
Trituration of the monoformate fiaction from the chromatography afforded 0.265 g of 
compound 140 as a Ught yellow soUd. NMR indicates the presence of 20-formate (140) at 
8.172 ppm. NMR (CDCI3): 5 0.39 (s, 3 H, CI8.CH3), 2.902 (s, 6 H, -N(CH3)2), 4.384 
5 (d.l H, J = 6.9 Hz, CI la-CH). 5.031 and 5.193 (dd, 2 H. J = 17.71 Hz, C2I-CH2-). 5.759 (s, 
1 H, C4-CH=). 6.656 (d, 2 H, 3', 5' aromatic-CH's). 7.015 (d, 2 H, 2\ & aromatic-CH's), 
and 8.172 (s, 1 H, C21-0C(0)H). 

EXAMPLE 36 

This example illustrates the preparation and properties of 17a-Acetoxy-l ip- 
10 [4-(N,N-dimethylamino)phenyl]-21-propionyloxy-l9-norpregna-4,9-KUene-3,20-dion^ 

(126a) (Figure 11): 

Stqt J. 17a-Hydroxy-nM4-(NJ^-dimethylandno)phenylJ-21-propionyh:ghl9^ 
norpregna'4,9-diene-3,20-dione (125a) : 

Under nitrogen, a solution of the diol (124, 1.0 g, 2.22 mmol) in dry benzene 

15 (20 mL) and pyridine (1 mL, 12.4 mmol) was treated with propionyl chloride (0.22 mL. 
2.53 mmol). This addition caused an immediate precipitation of a large gummy mass, 
probably due to formation of amixture of the hydrochloride salts of starting material and 
product. Since the dimetiiylaminophenylmoiety is probably more basic than pyridine, any 
HCl formed during the reaction would protonate the 1 ip.(4-N,N-dimethylaminophenyl) 

20 group rather than pyridine. Addition oftriethylamme(lmL, 7.11 mmol) resulted in 

dissolution of the precipitated mass with formation of a small amount of soUd precipitate. 
The reaction mixture was then stirred at room temperatinre and monitored by TLC (10% 
acetone in CH2CI2) which indicated about a 60% reaction after 1 hr. Additional propionyl 
chloride (0.22 mL, 2.53 mmol) was introduced and the reaction was stirred a futher 1 hr at 

25 room temperatiare. Analysis by TLC at that time indicated a complete reaction. The 

reaction mixture was concentrated in vacuo under a current of nitrogen and tiie residue was 
diluted with H2O. The mixture was extracted with CH2Cl2(3x). The organic fractions 
were washed witix H2O (2x), brine (Ix), then concentrated, dried over anhydrous Na2S04, 
filtered and concentrated m vacuo to give 1.2 g of the residue as a yellow foam. This 

30 material was purified by flash chiomatogr^hy (10% acetone in CH2CI2) to give 1.1 g of the 
21-propionyloxy-17a-ol (125a). Crystallization of tiiis material from EtOAc/heptane 
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afforded 0.43 g of the pure 125a in 67% yield. FTIR (KBr, diffuse reflectance): Vi^x 3331, 
2940, 1749, 1734, 1640, 1612 and 1518 cm\ NMR(300MHz, CDCI3): 6 0.37 (s, 3 H, 
CI8-CH3), 1. 17 (t, 3 H, J = 7.5 Hz, propionyl CH3), 2.90 (s, 6 H, -N(CH3)2). 4.40 (br d, J = 
6 Hz, CI la-CH), 5.03 (dd, 2 H, J, = 30, J2 = 18 Hz. C21-C%-0), 5.77 (br s, 1 H, C4-CH=), 
5 6.67 (d, 2 H, J = 9 Hz, 3', 5' aromatic-CH's) and 7.07 (d, 2 H, J = 9 Hz, 2'. 6' aromatic- 
CH's). 

Step 2. Preparation of the target compound 126a : 

Undernitrogen, trifluoroacetic anhydride (11.18 g, 53.2 mmol), glacial 
acetic acid (3.26 g, 54.2 mmol) and dry CH2CI2 (35 mL) were combined and stirred at room 
10 temperature for Vz hr. The mixture was cooled to 0°C in an ice bath and toluenesulfonic 
aicd monohydrate (0.5 g, 2.63 mmol) was added. A solution of the 21-propionyloxy-17a-ol 
(125a, 1.28 g, 2.61 mmol) in dry CH2CI2 was then introduced and the mixture stirred at 0°C 
^dmonitored by TLC (10% acetone in CH2CI2) which indicated a complete reaction after 
2 hr. The ice-balh was removed and the reaction was allowed to warm to room 
15 temperature. The mixture was then diluted with H2O (100 mL), adjusted to a pH of 6.5 
with concentrated NH 4OH solution and extracted with CHaCU (3x). The organic fractions 
were washed with H2O (2x), brine (Ix), combined, filtered through sodium sulfate and 
concentrated in vacuo to give l.l.g of the residue. Purification via flash chromatography 
(5% acetone in CH2CI2) followed by trituration with heptane gave 0.49- g of the pure 21- 
20 propionyloxy-17a-acetate (126a) as a Ught yellow amoiphous soUd in 55% yield; m.p. = 
softens at 86°C. NMR (CDCI3): 5 0.43 (s, 3 H, CI8-CH3), 1.11 (t, 3 H, J = 8 Hz, propionyl 
CH3), 2.07 (s. 3 H, OAc), 2.89 (s, 6 H, -N(CH3)2), 4.43 (br d, CI la-CH, J = 6 Hz), 4.85 (dd, 
2 H, J, = 28 Hz. J2 = 17 Hz, C21-CIfc-0-). 5.77 (s, 1 H, C4-CH=), 6.63 (d, 2 H, J = 7.8 Hz, 
3', 5' aromatic-CH's) and 7.0 (d, 2 H, J = 7.8 Hz, 2\ & aromatic-CH's). Anal. Calcd. for 
25 C33H41NO6: C, 72.37; H, 7.55; N. 2.56. Found: C, 72.23; H. 7.71; N, 2.50. 

EXAMPLES? 

This example illustrates the preparation and properties of 17a-Acetoxy-llp- 
[4-(N,N-dimethylamino)phenyl]-21-(2'-methoxyacetyl)oxy-19-norpregna-4,9-diene-3,20- 

dione (126b) (F^ure 11): 
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Step 1. 17a.Hydroxy-nH^-(N^-dintethylamno)phenyl]-21-(r'^^ 
methoxyacetyl)oxyl9-norpregna-4,9-diene-3a0-dione (125b): 

Under nitrogen, a solution of the 17a^l-diol (124, 1.0 g. 2.22 mmol), 

pyridine (1 mL. 12.41 nunol) and triethylannne (1 mL. 7.1 1 nmiol) in dry benzene (40 mL) 

5 was treated with methoxyacetylcMotide (0.5 mL. 5.47 mmoD. The reaction mixture was 
stirred at room temperature for 4 br. after which time TLC (5% isopropanol in CH2CI2) 
indicated a complete reaction. Solvents were removed in vacuo under a current of nitrogen 
and the residue was diluted with H2O (-50 mL) and extracted with CH2CI2 (3x). The 
organic fractions were washed with H2O (3x), filtered through anhydrous NaaSO*. 

10 combined and concentrated in vacuo to give 1.4 g of the residue as a yellow soUd. Ibis 
material was purified by flash chromatography (3% isopropanol in CH2CI2) to give 1.05 g 
of the product as a yeUow foam. CrystalUzation firom ether containing a small amount of 
CH2CI2 gave 0.73 g of the pure 21-(2'-methoxy)-acetyloxy-derivative 125b as an off-white 
soUd in 62.9% yield; m.p. = 197 -199°C. FITR (KBr, diftuse reflectance): v™ax3329, 

15 2948. 2888. 1754. 1729. 1637, 1602 and 1518 cm'^ NMR (300 MHz. CDCI3): 5 0.399 (s. 
3 H. CI8-CH3). 2.906 (s, 6 H, -N(CH3)2), 3.488 (s, 3 H. C2I-OCH3). 4.181 (s. 2 H. C21- 
OC(0)a^-), 4.384 (d, 1 H,J = 4.384,Clla-CH), 4.975 and 5.234 (both d.2H.J = 
17.4 Hz. C2I-CH2), 5.760 (s, 1 H, C4-CH=), 6.654 (d. 2 H. J = 8.7 Hz. 3', 5' aromatic- 
CH's) and 7.012 (d, 2 H, J = 8.7 Hz. 2', 6' aiomatic-CH's). MS(EI) m/z (relative intensity): 

20 521 (M*. 26.4), 431 (7.1), 134 (17.3) and 121 (100.0). Anal. Calcd. for CaiHsjNOs: C, 
71.38; H, 7.54; N. 2.69. Found: C, 71.48; H, 7.59; N. 2.64. 

Step 2. Preparation of the target compound 126b: 

Under nitrogen, trifluoroacetic anhydride (2.98 g, 14.16 mmol), glacial 
acetic acid (0.84 g, 13.98 mmol) and dry CH2CI2 (5 mL) were combined and stirred at room 

25 temperature for 'A hr. Toluenesulfonic acidmonohydrate (0.15 g. 0.79 mmol) was added 
and the mixture cooled to 0°C in an ice bath. A solution of the 21-(2'-methoxy)acetyloxy- 
17a-ol (125b. 0.612 g, 1.173 mmol) in dry CH2CI2 (2 mL) was added and ihe reaction was 
stirred at 0°C and monitored by TLC (3% isopropanol in CH2CI2) which indicated a 
complete reaction after 4 hr. The mixture was diluted with H2O (-10 mL), stirred at 0°C 

30 for another 15 minutes, then carefully neutralized with dropwise addition of concentrated 
NH4OH solution (~3 mL). The mixture was extracted with CH2CI2 (3x). The organic 
fractions were washed with H2O (2x) and brine (Ix). filtered through anhydrous Na2S04, 
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combined and concentrated in vacuo to give 0.72 g of the residue as an oU. This material 
was purified via flash chromatography (20% EtOAc in CH2CI2) to give 0.34 g of 126b as a 
yeUow foam. Trituration of this material with pentane gave 0.26 g of the pure title 
compound (126b) as a Ught yeUow amorphous soUd in 39.3% yield; m.p. = 110- 1 13»C. 
5 Analysis of 126b by HPLC on a Waters NovaPak, Cig column, eluted Avith 

0.05 M KH 2PO 4 buffer [pH = 3 .0]/MeOH, 35 :65 at a flow rate of 1 mL per min and at X = 
302 ^ indicated this material to be >99% pure with a retention time (tR = 6.04 min). FITR 
(KBr.diffose reflectance): 2947, 1766. 1737. 1663. 1612 and 1518 cm'^ NMR 
(300 MHz. CDCI3): 5 0.447 (s, 3 H. CI8.CH3). 2.129. (s. 3 H. C17a-0Ac), 2.907 (s. 6 H. - 
10 N(CH3)2). 3.473 (s. 3 H.C21-OC(0)CH20gi3). 4.176 (s. 2 H. 021-00(0)0^-). 4.392 (d. 
1 H, J = 6 Hz, Clla-CH), 4.792 and 5.029 (both d, 2 H. J = 17.4 Hz. C2I-CH2). 5.777 (s, ^ 
1 a C4-CH=), 6.644 (d, 2 H, J = 9 Hz, 3'. 5' aromatic-CH's) and 7.002 (d, 2 H, J = 9 Hz. 2'. 
6'-aiomatic-CH's). MS (EI) m/z (relative intensity): 563 (M^. 42.8). 503 (12.6). 134 (17.2) 
and 121 (100.0). Anal. Calcd. for C33H41NO7: C, 70.32; H. 7.33; N. 2.48. Found: C. 
15 70.14; H, 7.59; N, 2.41. 

EXAMPLE 38 

This example iUustrates the preparation and properties of 17a-Acetoxy- 21- 
hydroxy-lip-[4-(N,N-dimethylamino)phenyl]-19-norpregna-4.9-diene-3.20-dione-21- 

methyl carbonate (126c) (Figure 11): 
20 Step 1. 17a, 21-Dihydroxy-llH4-(N;^-dimethylamno)phmylJ-19-mrpregna. 

4,9-diene-3,20-dione-21-methyl carbonate (125c) : 
The 17a,21-diol (10) (124, 250 mg. 1.80 mmol) was dissolved in CH2CI2 
(10 mL) and pyridine (0.2 mL) was added foUowed by methyl chlorofoimate (0.245 g, 
2.59 mmol). The mixture was stirred at room temperature for 20 min. TLC after 5 min 
25 showed the reaction complete. Hie mixture was evaporated in vacuo and dissolved in 

CH2CI2. The dichloromethane was washed with H2O (2x), brine and dried over anhydrous 
Na2S04. Hie solvent was evaporated in vacuo. Benzene was added and evaporated to 
remove traces of pyridine. CH2CI2 was added and evaporated to give 273 mg of the 17a- 
hydroxy-21-methyl carbonate (125c) in 29.9% yield. 
30 NMR (CDCI3): 5 0.381 (s, 3 H. CI8-CH3). 2.899 (s, 6 H, -N(CH3)2), 3.820 

(s, 3 H, C21-OC(0)Oai3), 4.369 (m. 1 H, Clla-CH), 4.914 and 5.178 (dd, 2 H, C21- 
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CH2-). 5.747 (br s. 1 H. C4:-CH=). 6.644 (d, 2 H, 3', 5' aromatic-CH's) and 7.002 (d, 2 H. 2', 
6' aromatic-CH's). 

Step 2. Preparation of the target compound 126c: 

CH2CI2 (15 mL) was stined at room temperature and trifluoroacetic acid 
anhydride (2.29 g, 10.9 mmol) and acetic acid (0.714 g, 11.8 mmol) were added. Hie 
mixture was stirred at room temperature in a nitrogen atmosphere for V2 hr. p- 
Toluenesulfonic acid monohydrate (1.90 g. 1.1 mmol) was added and the mixture cooled to 
O'C in an ice bath. The 17a-hydroxy-21-methyl carbonate (125c, 273 mg. 0.54 mmol) was 
dissolved in CH2 CI2 and cooled to 0°C and then added to the stnred mixed anhydride. The 
reaction was complete in 6 hr. Saturated NaHCOj was added to neutralize the reaction and 
the mixture was extracted with CEzCh (3x). The CH2CI2 extracts were washed with H2O, 
brine and dried over anhydrous NajSO*. The solvent was evaporated, benzene was added 
and evaporated again. CH2CI2 was added and ev^orated again. Chromatography on flash 
colomn siUca gel using CHaChiacetone . 95:5 gave a product that was only 95% pure. 
Chromatography was nm again using the same system followed by checking each fraction 
by HPLC on a NovaPak C,8 column eluting with MeOHrHjOrEtaN (70:30:0.05) at a flow 
rate of 1 mL per min and at X = 260 nm. Good fractions were collected and combined to 
give 1 16.1 mg of the good product. The remainder of the product was rechromatographed 
using CH2Cl2:EtOAc (90:10) and checking fractions by HPLC as above gave an additional 
20 38.1 mgofthe good product. The good product was combined and dried mvacHO to a 
foam and dried at 45°C. A smaU amount of ether in the product was present. The foam 
was dried in a vacuum at 80°C to give 131.6 mg of 126c as a yellow foam in 44.3% yield; 
m.p. = 130 - 160»C. Fim (KBr, diffiise reflectance): v™.x 2961, 1759, 1731, 1663. 1612, 
1518 and 1278 cm''. NMR (CDCI3): 5 0.436 (s, 3 H. CI8-CH3). 2.125 (s, 3 H. C17o- 
25 OAc), 2.907 (s. 6 H, -N(CH3)2). 3.828 (s. 3 H, C21-OC(0)OCH3), 4.391 (d, 1 H. Clla- 
CH). 4.735 and 4.961 (dd, 2 H, C2I-CH2-), 5.778 (s, I H. C4-CH=), 6.638 (d, 2 H. 3'. 5' 
aromatic-CH's) and 6.995 (d, 2 H, 2\ & aromatic-CH's). MS (EI) m/z (relative intensity): 
549 (M*. 32), 489 (7.0). 134 (16.0) and 121 (100.0). Anal. Calcd. for C32H39NO7: C, 
69.92; H, 7.15; N, 2.55. Found: C, 69.62; H, 7.25; N, 2.61. 
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EXAMPLE 39 

This example illustrates the preparation and properties of 17a-Acetoxy-l Ip- 
[4-(N.N-dimethylaniino)phenyl]-2lKl'-ethenyloxy>19-norpregMA9-<liene^ 

(129) (Figure 11): 

5 Stepl. 17a,21.(l'-Ethoxyethymnedioxy)-llH^-(N^-dmethyla^^^ 

19-norpregna-4,9-diene-3,20-dione(127): 

The 17a^l.diol(10) (124, 1.6 g, 3.56 mmol), triethyl orthoacetate (5.59 g, 
3.45 mmol), and pyridinium tosylate (200 mg. 0.93 mmol) were dissolved in dry benzene in 
a nitrogen atmosphere and heated at reflux for 75 min using a Dean Staik trap to remove 

10 water. The reaction was complete at this time. Pyridine (ImL) was added and the solvent 
was evaporated using nitrogen and. vacuum. Water was added and the mixture was 
extracted with CHjCh (3x). The CH2CI2 extracts were washed with H2O, brine and dried 
over anhydrous NazSO*. The solvent was evaporated in vacuo. Purification by dry column 
chromatography, recrystallization and finally flash column chromatogn9)hy using 

15 CH2Cl2:acetone (97:3) gave 1.028 g of the ortho ester (127) in 55.8% yield. NMR (CDCI3): 
5 0.334 (s, 3 H, CI8-CH3), 1.620 (s, 3 H, C17a,21-ethyIidenedioxy-CH3). 2.909 (s, 6 H, 
N(CH3)2), 3.55 (q, 2 H, C21-ethylidendioxy-OCH 2CH3), 4.404 (br d, 1 H, CUa-CH), 
5.769 (s, 1 H, C4-CH=), 6.641 (d, 2 H, 3', 5' aromatic-CH's) and 7.003 (d, 2 H, 2', & 
aromatic-CH's). 

20 Step 2. 17a-Acetoxy'llH'*-(N^-dimethylamno)phenylJ-21-hydroxy-19- 

norpregna-4,9-diene-3,20-dione (128): 

The cyclic ortho ester (127, 1.028 g, 1.99 mmol) was suspended in methanol 
(60 mL) in a nitrogen atmosphere and NaOAc solution (8.2 mL, 0.1 M) and HOAc solution 
(16.4 mL, 0.2 M) were added. The mixture was heated at reflux for 3 far. Thesolventwas 

25 evaporated using nitrogen and vacuum. H2O (-50 mL) was added and the mixture was 

extracted wtih CH2CI2 (3x). The organic fractions were washed with H 2O, brine and dried 
over anhydrous NajSO* to give 1.01 12 g of the 17 a-acetoxy-21-hydroxy compound (128) 
as an off-white powder containing a trace amount of the 17a-hydroxy-l 1 p-[4-(N,N- 
dimethylamino)phenyl]-21-acetoxy-19-noipregna-4,9-diene-3,20-dione compound (8). The 

30 cmde product was chromatographed on flash column silica gel using CH2Cl2:acetone (8:2) 
as the solvent. Fractions were collected and each fraction was checked by TLC. Fractions 
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#5 - 7 were essentially pure 128 and combined to give 108.5 mg of good product. The 
residuewascrystallizedftoinethertogive75mgofaiiadditionalpurel28. Thetotal ^ 
amount of the product 128 was 183.5 mg as an off- white powder in 18.8% yield; m.p. - 
205-210°C. NMR(CDCl3): 5 0.364(s.3H.C18-CH3),2.112(s.3H,C17a-OAc),2.902 
1 (s. 6 H, -N(CH3)2). 4.190 - 4.405 (br d and m , 3 H, CUa-CH and C2I.CH2-). 5.779 (br s, 
1 H. C4-CH=). 6.629 (d. 2 H, 3'. 5' aromatic-CH^s) and 6.967 (d. 2 a 2\ G aiomaticCH's). 

Step 3. Preparation of the target compound 129: 

nie 21-hydroxy compound (128, 682 mg. 1 .39 mmol) was dissolved in 
CH2CI2 (14 fflL) in a nitrogen atmosphere and ethyl vinyl ether (5.27 g, 7.32 mmol) was 
0 added. Mercury(IDtrifluoroacetate(25mg.0.059mmol)wasaddedandthemixturewas 

stirred in a nitrogen atmosphere at room temperature for 22 hr. The mixture was poured 
onto dry column siUca gel which had been washed with CH^Ch in a sintered glass fennel. 
The compound was eluted with EtOAc and the solvent was evaporated in vacuo. The 
residue (744 mg) was chromatographed on Flash column silica gel using CH^Ch: acetone 

L5 (95:5) as the solvent. A total of 141 mg of good product 129 was obtained as a yellow^ 
foam in 19.6% yield. Thecompoundl29 was dried to remove ether; m.p. = 114- 116°C. 
Analysis of 129byHPLC onaNovaPakCig column eluted with MeOH:H20:Et3N 
(70:30:0.05) at a flow rate of 1 mL per min and at X = 260 mn indicated it to be better than 
99% pure. FITR (KBr, diffiise reflectance): v^ 2948. 1733, 1662, 1613. 1560, 1518, 

20 1446 1369, 1278 and 1235 cm^ NMR (CDCI3): 8 0.408 (s, 3 H, CI8-CH3), 2.118 (s. 3 H, 
cnJ-OAc). 2.901 (s. 6 H. -N(CH3)2). 4.096 - 4.662 (m. 6 H, C21-0vinyl H. Clla-CH and 
C2I-CH2-). 5.779 (br s, 1 H, C4-CH=). 6.625 (d, 2 H. 3', 5' aromatic-CH's). and 6.967 (d. 
2 H, T, & aromatic-CH's). MS (EI) m/z (relative intensity): 517(M^. 73), 134 (18.0) and 
121(100.0). Anal. Calcd. for C32H39NO5 I/3H2O: C. 73.40; H, 7.64; N, 2.67. Found: C. 

25 73.49; H. 7.62; N, 2.84. 

EXAMPLE 40 

This example iUustrates the preparation and properties of 17a-Acetoxy-l Ip- 
[4-(N,N-dimethylamino)phenyl]-21-(2'-N,N-dimethylamino)acetoxy-l^ 

diene-3,20-dione (133) (Figure 10): 
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St^ 1. 17a-Hydroxy-21.(2'-chloroacetoxy)-llH4-(N^-^imemylamm^ 
1 9.norpregna-4,9-diene-3,20-dione (130): 
The 17a,21-diol (124, 500 mg, 1.15 mmol) was dissolved in pyridine 
(7 mL) and cooled to 0°C in an argon atmosphere. Chloroacetic anhydride (705 mg, 
5 4.12 mmol) was dissolved in pyridine and added dropwise to the stirred diol (124) sotation. 
Hie mixture was stiixed at 0°C for 2 hr. TLC showed very littte reaction. Thereaction 
was aUowed to warm to room temperature. Additional chloroacetic anhydride (200 mg. 
1.17 mmol) was added and the reaction was continued. When the reaction was complete, 
H2O (2 mL) was added foUowed by additional water (70 mL). The mixture was extracted 
10 with EtOAc (3x). The EtOAc extracts were washed with H2O. brine and dried over 
anhydrous sodium sulfete. The solvent was evaporated in vacuo. The mixture was 
azeotropically ev^orated with benzene (2x). dissolved in EtOAc, filtered through CeUte 
and evaporated in vacuo to give 475 mg of the 21-chloroacetate (130) in 78.3% yield. It 
wasusedforthenextreactionwithoutpurification. NMR(DCl3): 50.381 (s, 3 H, CIS- 
IS CH3), 2.908 (s. 6 H. -N(CH3)2). 4.201 (s. 2 H. CH2CI). 4.999 and 5.271(d. 2 H, C21-CHr). 
5 .754 (s, I H, C4-CH=), 6.669 (d, 2 H. 3', 5' aromatic-C3i's), and 7.016 (d, 2 H, 2', 6* 
aromatic-CH's). 

Step 2. 17a-Acetoxy- llM4-(N,N-dimethylammo)phenyll'21-(2'-chhroacetoxy)- 
1 9-norpregna-4,9-diene-3,20-dione (131): 
20 Tiifluoroacetic anhydride (4.12 g, 19.62 mmol), and acetic acid (1.21 g. 

20.15 mmol) were added to CH2CI2 (35 mL) in an argon atmosphere and stirred at room 

temperature for J4 hr. 

p^Toluenesulfonic acidmonohydrate (155 mg, 5.26 mmol) was added and 

the mixture was cooled to 0»C. The 17a-hydroxy-21-chIoroacetate (130. 475 m& 
25 0.97 mmol) was dissolved in CH2CI2 (10 mL). cooled to 0«C, and added to the mixed 

anhydride solution. The mixture was stirred at O-C overnight The reaction was complete. 

Saturated NaHCOs solution was added to neutralize the mixture and the mixture was 

extracted with CH2CI2 (3x). The CH2CI2 extract was washed with H2O, brine and dried 

over anhydrous NazSO 4. The solvent was evaporated in vacuo. Chromatography on dry 
30 column silica gel using CHaClziacetone (9:1) as solvent gave 286.2 mg of the 17a-acetoxy. 

compo.md 131 in 560/0 yield. NMR(CDCl3): 5 0.437 (s. 3 H, C18-CH,). 2.130(s.3 H. 

17a-0Ac). 2.923 (s, 6 H. -^Wh), 4.201 (s, 2 H. C21-0C(0)^C1), 4.395 (d, 1 H. 
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Clla-CH). 4.804 and 5.041(d, 2 H, C2I-OT2O-). 5.779 (s, 1 H. C4-CH=). 6.697 (d, 2 H. 3'. 
5' aromatic-CH's) and 7.017 (d, 2 H, 2', 6' aromatic-CH's). 

Step 3. 17a-Acetoxy llfi-[4-(NJV-^imeihylandm)phenylJ-2J-(2'rhdoacetoxy)- 
19'norpregna-4,9-diene-3,20-dione (132): 

5 The 17a-acetoxy-21-(2'-chloroacetoxy) compound (131 , 286 mg, 

0.47 mmol) was dissolved in CH3CN (50 mL) in an argon atmosphere. Nal (650 mg. 
4.34 mmol) was added and the mixture was heated at reflux in an argon atmosphere for 
45 min. After Vz hr, an aliquot was removed and checked by NMR. The reaction was 
complete after Vz hr. The mixture was cooled to room temperature and filtered. The 

10 solvent was evaporated in vacuo. The residue was dissolved in 01202 and filtered to 

remove solid salts. The soUd was washed weU with CH2CI2 and the solvent was evaporated 
in vacuo to give 328.5 mg of the iodoacetoxy compound 132 in 73% yield. NMR (CDCI3): 
8 0.431 (s, 3 H, CI8-CH3). 2.133 (s, 3 H, C17a-0Ac), 2.911 (s, 6 H, -N(CH3)2), 3.812 (d, 
2 H, C21-C^0), 4.394 (d, 1 H. CI la-CH). 4.741 and 4.996 (d, 2 H. C2I-CH2O-), 5.777 (s, 

15 1 H, C4-CH=), 6.677 (d, 2 H, 3', 5' aromatic-CH's). and 7.008 (d, 2 H, 2\ & aromatic- 
CH's). 

Step 4. Preparation of the target compound 133: 

The 21-iodoacetate (132, 328 mg, 0.52 mmol) was dissolved in THF 
(25 mL) and cooled to 0°C in an argon atmosphere. Dimethylamine (2.5 mL, 2 M in THF) 

20 was added and the mixture was stirred at 0°C in an argon atmosphere. TLC after 10 min 
showed the reaction complete. The solvent was evsq)orated in vacuo on the rotary 
evaporator at room tanperature. H2O was added and the mixture was extracted wtih 
EtO Ac (3x). The EtOAc extracts were washed wilh H2O, brine and dried over anhydrous 
Na2S04. The solvent was ev^orated in vacuo to give 276.8 mg of the crude compound 

25 133. The crude product was chromatpgraphed on a flash column using EtOAciCHsCN 
(70:30). Two fractions were obtained. The first fraction gave 84.5 mg which was 95% 
pure by HPLC analysis and the other gave 66.8 mg which was 90% pure by HPLC analysis. 
Total yield of 133 was 151.3 mg as ayellow foam in 58% yield. FnR(BCBr, difluse 
reflectance): v„« 2947, 1737, 1663, 1612, and 1518 cm'^ NMR (CDCI3): 5 0.440 (s, 3 H, 

30 CI8-CH3). 2.126 (s, 3 H, 17a-0Ac), 2.386 (s. 6 H. -C(0)CH2N(gi3)2), 2.906 (s, 6 H, 
-N(CH3)2), 3.308 (t ,2 H. C21-OC(0)CHbNMe2), 4.393 (d, 1 H, Clla-CH), 4.754 and 
5.004 (dd. 2 H, 2I-CH2-). 5.773 (s, 1 H, C4-CH=). 6.643 (d, 2 H, 3', 5' aromatic-CH's), and 
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7.006 (d, 2 H. 2'. 6' aromatic-CH's). Anal. Calcd. for C34H44N2O6 I H2O: C, 68.69; H, 
7.74; N, 4.71. Found: C, 68.66; H, 7.80; N, 4.70. 

EXAMPLE 41 

This example Ulustrates the preparation and properties of 17a-Acetoxy-l IP- 
5 [4KN.N-dimethylamino)phenyl]-21-tbiocyanato-19-norpregna-4.^^^^ (138) 

(F^ure 11): 

Stepl. 17a-Hydroxy-llH4-(NJ^-dimethylandM)phmy^^^^^^ 

methanesulfonyhxy-19-noipregna^,9-diene-3,20-dwne (136). 

Under nitrogen, a solution of the diol (124, 1.0 g, 2.22 nimol) and 

10 triehtylamine (0.72 g. 7.11 nmiol) in dry pyridine (20 mL) was cooled to O^C in an ice bath 

treated ^yithmethanesulfonyl chloride (0.74 g. 6.46nmiol). IHe reaction mixture was 

stirred at 0°C and monitored by TLC (10% acetone/ CHzCh) which indicated a complete 

reaction after two hours. ITie reaction mixture was diluted with H2O (-100 mL) and 

extracted with CH2CI2 (3x). The organic fractions were washed with H2O (2x), filtered 

15 throughNa2S04. combined and concentrated in vacuo to give 1.3 g of the residue as a 

yellow oil. This material was purified by flash chromatography using 10% acetone/CHjCk 
foUowed by trituration with ether to give 0.83 g of the 21 -mesylate- Ha-ol (136) as a 
yellow soUd in 63.6% yield; m.p. = 143 - 146°C. FTIR (KBr, diffuse reflectance): v^r^ 
3298 2947. 1738. 1630, 1614. 1518 and 1174 cm^ NMR (300 MHz, CDCI3): 8 0.375 (s, 

20 3 H CI8-CH3) . 2.899 (s. 6 H. -N(CH3)2). 3.190 (s .3 H. C2I-OSO2CH3) 4.371 (br d. 1 H. J 
= 6.6 Hz. Clla-CH), 5.128 and 5.353 (dd. 2 H. J = 18 Hz, C21-CHa-). 5.746 (s, 1 H, C4- 
CH=), 6.645 (d. 2 H, J = 9 Hz, 3'. 5' aromatic-CH's), and 6.994 (d. 2 H. J = 9 Hz, 2'. & 
aromatic-CH's). 

Step 2. l7a-Hydroxy-llH4-(N^-dintethylamino)phenylh2Uhiocyan^^^ 
25 norpregna-4,9-diene-3,20-dione (137): 

Under nitrogen, a solution of the 21-mesylate-17a-ol (13^ 0.65 g, 
1.23 mmol) and dry potassium thiocyanate (0.3 g, 3.09 mmol) in dry dimelhylformamide 
(DMF) (15 mL) was heated to 95 - 105°C. After about 15 min of heating, a very fine 
precipitate was observed. The reaction mixture was cooled to room temperature, dUuted 
3 0 with H2O (-100 mL) and extracted first with CH2CI2 (3x) and then with EtO Ac (3x) when 
it became apparent that the product was not very soluble in CH2CI2. The organic fractions 
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were washed with HjO (2x), filtered through anhydrous NazSOA , combined and 
concentrated in vacuo to give a yeUow solid residue. Trituration of this material with ether 
gave 0.598 g of the pure 17a-ol-21-thiocyanate (137) as a Ught yeUow soM in 99% yield; 
m.p. = 226»C (dec). FTIR (KBr, difEuse reflectance): v«„ 3360. 2940. 2145, 1728, 1640. 

5 1597 and 1518 cm"*. NMR(300 MHz, CDCI3): 5 0.356 (s, 3 H, CI8-CH3) , 2.907 (s, 6 H, 
-N(CH3)2). 4.188 and 4.629 (dd, 2 H. J = 17.1 Hz. C2I-CH2) 4.403 (br d, 1 H, J = 6.0 Hz, 
Clla-CH). 5.762 (s, 1 H. C4-CH=). 6.696 (d. 2 H. J = 8.4 Hz. 3', 5' aromatic-CH's), and 
7.023 (d, 2 H, J = 8.4 Hz, 2', 6' aromatic-CH's). MS (EQ m/z (realtive intensity): 490 (M^, 
25.90); 465 (3.8). 414 (7.8), 389 (6.5). 134 (15.6) and 121 (100.0). Anal. Calcd. for 

10 C29H34N203S-4/5 H2O: C: 68.96; H. 7.10; N. 5.55; S. 6.35. Found: C, 68.90; H, 6.92; N. 
5.58; S. 5.96. 

St^ 3. Preparation the target compoun d 138: 

Under nitrogen, trifluoroacetic anhydride (5.20 g. 24.79 mmol), glacial 
acetic acid (1.57 g. 26.23 mmol) and dry CHzQz (5 mL) were combined and and stirred at 
15 room temperature for 1 hr. /T-Toluenesulfonic acid monohydrate (0.05 g, 0.26 mmol) was 
added, and the reaction mixture was cooled to CC in an ice bath. A solution of the 17a-ol- 
21-thiocyanate (137, 0.4 g, 0.815 mmol) in dry CH2CI2 (2 mL) was added and the reaction 
imxture was stined at 0°C and monitored by TLC (10% acetone in CH2CI2) which indicated 
a complete reaction after 2 hr. The mixture was diluted with H2O (-10 mL), stined at 0°C 
20 for about 54 hr, then carefully neutralized with dropwise addition of concentrated NH4OH 
solution (~5mL). The mixture was extracted with CH2CI2 (3x). The organic fractions were 
, washed with H2O (2x), fUtered through anhydrous Na2S04, combined and concentrated in 
vacuo to give 0.43 g of the residue as a yellow oil. This material was combined with 
product obtained from two previous batches (total amount of crude product = 0.675 g firom 
25 a total of 0.6 g of 13T). This material was purified via flash chromatography (7.5% acetone 
in CH2CI2) to give 0.3 g of 138 as a Ught yellow foam. This material was taken up in a 
minimum amount of CH2CI2. blown down, and the residue triturated with ether to give 
0.256 g of the pure title compound 138 as au off-white soUd in 39.3% yield; m.p. = 181°C 
(dec). 

30 Analysis by HPLC on a Waters NovaPak, Cig column fehited with 0.05 M 

KH2PO4 buffer [pH = 3.0]/MeOH, (35:65) at a flow rate of 1 mL per minute and at X, = 
302 nm indicated this material to be >99% pure. FTIR (KBr. difiuse reflectance): v™. 
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2935. 2158, 1736, 1658, 161 1 and 1518 cm'^ NMR (300 MHz, CDCI3): 5 0.401 (s, 3 H. 
CI8-CH3), 2.153 (s, 3 H. C17a-0Ac). 2.914 (s, 6 H, -N(CH3)2), 4.060 and 4.236 (dd, 2 H. 
J = 16.2 Ife, C2I-CH2) 4.407 (br d, 1 H, J = 6.9 Hz, CI la-CH), 5.783 (s, 1 H, C4-CH=), 
6.649 (d. 2 H, J = 9 Hz. 3'. 5' aromatic-CH's). and 6.985 (d. 2 H. J = 9 Hz, 1\ & aromatic- 
5 CH's). MS(EI) m/z (realtive intensity): 532 (Nf , 29.9), 134 (13.5) and 121 (100.0). Anal. 
Calcd.forC3iH36N204S l/9H20: C, 69.64; H, .6.83; N, 5.24; S. 6.00. Found: C. 69.63; H, 
6.95; N. 5.12; S. 5.84. 

EXAMPLE 42 

This example iUustrates the preparation and properties of 17a-Acetoxy-l ip- 

10 [(4^-piperidinp)phenyl]-19-noipregna-4.9-diene-3.20-dione 3-oxime (141) (Figure 4): 
Under nitrogen, a solution of the dienedione (71, 200 mg, 0.38 nimol) in 
absolute EtOH (25 mL) was treated with a 10-fold excess of solid hydroxylamine 
hydrochloride (269 mg, 3.87 mmol). The reaction mixture was stirred at room temperature 
for 1 1/4 hr. At that time, TLC (10% acetone in CH2CI2) showed no starting material and 

15 two major more polar spots. The reaction was diluted with saturated sodium bicarbonate 
solution (100 mL) and extracted with methylene chloride (3x). The orange fractions were 
washed with water and brine, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo to yield 290 mg of off-white powder. Flash chromatography (10% 
acetone in methylene chloride) gave 1 77 mg of the material. Trituration with pentane with 

20 sonication gave 163 mg of 141 as an off-white sohd in 80.8% yield after drying. HPLC 
analysis indicated a syn:anti ratio of 1 :3.2; m.p. = 167 - 172°C. FTIR (KBr, diffuse 
reflectance): 3237. 2932, 2855, 1735, 1714. 1610, 1512, 1452. 1369 and 1236 cm'^ 
NMR (300 MHZ. CDCI3): 5 0306 (s, 3 H, CI8-CH3). 2.086 (s, 3 H. C17a-0Ac), 2.125 (s, 
3 H. C2I-CH3). 3.10 (m, 4 H, -CH2CH2-N- of piperidine ring) 4.33 (m, 1 H, CI la-CH), 

25 5.869 (s, 1 H, C4-CH= of fl»/w>xime), 6.525 (s, 1 H, C4-CH= of syn-oxime) and 6.805 - 
6.975 (dd. 4 H. aromatic-CH's). MS (EI) m/z (relative intensity): 530 (M*). Anal.CaIcd. 
forC33H4204N2: C. 74.72; H. 7.92; N, 5.28. Fomid: C, 73.73; H, 8.16; N, 5.16. 

EXAMPLE 43 

This example illustrates the preparation and properties of 17a-Methoxy-l ip- 
30 [4-(N.N-dimethylamino)phenyl]-19-norpregna-4,9-diene-3,20-dione 3-oxime (142a) 

(Figure 6): 
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Under nitrogen, a solution of the dienedione (97a, 0.4 g, 0.89 mmol) in 
absolute EtOH (25 mL) was treated with a 10-fold excess of soUd hydroxylamine 
hydrochloride (0.62 g, 8.92 mmol). The reaction mixture was stirred at room temperature 
for 1 hr. after which time TLC (10% acetoneAnethylene chloride, overspotted with con. 
5 NH4OH) indicated a complete reaction. The reaction mixtm-e was diluted with water 

(-100 mL). adjusted to a pH of -8.0 with concentrated NH4OH solution, and extracted with 
methylene chloride (3x). The organic fractions were purified via flash chromatography 
(10% acetone /methylene chloride) foUowedby trituration with pentane to give the purified 
oxime (142a. 0.22g) as an off-white amorphous soUd in 53% yield; m.p. = 148 - 162»C. 
10 Analysis by NMR indicated this material to consist of a mixture of 39:61 

ratio of the syn and an^f-isomers. HPLC analysis on a Waters NovaPak Cts ODS column 
eluted with acetonitrile/0.05 M KH2PO4 [pH=3.0] 1:1 at a flow rate of 1 mL per min and at 
X = 276 nm indicated a purity of 96.5%. FnR(KBr. diffuse reflectance): v„«c 3270. 2942. 
1708, 1613 and 1517 cm'^ NMR (300 MHZ, CDCI3): 5 0.259 (s, 3 H. CI8-CH3 of anti- 
15 isomlr). 0.269 (s, 3 H. CI8-CH3 of ^-isomer), 2.176 (s. 3 H. C2I-CH3 of ^n-isomer). 

2.182 (s. 3 H. C2I-CH3 of anft-isomer). 2.898 (s, 6 H, -NMe2), 3.150 (s, 3 H, CHa-OCHa). 
4.298 (br d.. 1 H. J = 7.2 Hz. CI la-CH). 5.840 (s. 0.64 H, C4-CH= of a««-oxime). 6.490 
(s, 0.37 H, C4-CH- of 5yn-oxime). 6.638 (m, 2 H, 3', 5' aromatic-CH's) and 7.012 (m, 2 H. 
' 2'! 6'aiomatic<:H's). MS (BI) m/z (relative intensity): 462 (100, ivO. 446 (43.4), 431 
20 (15.9), 134 (38.5) and 121 (48.3). Anal. Calcd. for C2!>H38N203 l/5H20: C, 74.71; H. 8.30; 
N. 6.01. Found: C. 74.65; H, 8.31; N, 6.03. 

EXAMPLE 44 

This example illustrates the preparation and properties of 17a-Methoxy.llP- 
[4-(N-piperidino)phenyl]-19-norpregna-4,9-diene-3.20-dione 3K)xime (l«b) (Figure 6): 
25 Under nitrogen, a solution of the dienedione (97b, 250 mg. 0.513 mmol) in 

absolute EtOH (25 mL) was treated with a 10-fold excess of soUd hydroxylamine 
hydrochloride (38 mg, 5.13 mmol). The reaction mixture was stirred at room temperature 
for 1.1/4 hr. At that time. TLC (10% acetone in methylene chloride) showed no starting 
. materialandtwomajormorepolarproducts. Thereactionwasdilutedwithsaturated 

30 sodium bicarbonate solution (100 mL) and extracted with methylene chloride (3x). The 
organic fractions were washed with water and brine, dried over anhydrous sodium sulfate. 
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filtered and concentrated in vacuo to yield 260 mg of yeUow foam.. Flash chromatography 
(10% acetone in methylene chloride) gave 186 mg of the material. Trituration with pentane 
with scratching and sonication gave 172 mg of the product 142b after drying. HPLC 
analysis indicated this material to be 94% pure. Two additional flash column 

5 chromatography, trituration with pentane and drymg again in vacuo yielded 143 g of 142b 
as an off- white solid in 55.5% yield; m.p. = 157-162°C (amber gel) and 195 - 200-C (gel 
melts). HPLCanalysisonaWatersNovaPakCigODScolunmelutedwithMeOH: water 
(80:20) with 0.05% EtjN at a flow rate of 1 mL per min and at X = 260 nm indicated a 
purity of 97.9%. FTIR (KBr. diffiise reflectance): v«« 3183, 2934, 1707, 1610, 1511, 

10 1450, 1385, 1349 and 1234 cm\ NMR (300 MHZ, CDCI3): 5 0.239 (s, 3 H, CI8-CH3). 
2.175 (s, 3 H, C2I-CH3), 3.07-3.150 (m, 4 H, -N-CH2CH2- of piperidine ring), 3.13 (s, 3 H, 
C17a-o'cH3), 4.28 - 4.30 (d.. 1 H, CI la-CH). 5.840 (s. 0.69 H, C4-CH= of anft-oxime), 
6.493 (s, 0.31 H, C4-CH= of 5yn-oxime), 6.8 - 7 .0 (dd, 4 H, aromatic-CH's). MS (ET) m/z 
(relative intensity): 502 (M^. Anal. Calcd. for C32H42O3N2: 76.46; H, 8.42; N, 5.57. 

15 Found: C, 75.38; H, 8.60; N, 5.39 

EXAMPLE 45 

This example illustrates the preparation and properties of 17a,21-dimethoxy- 
1 ip-[4-(NJ^-dimethylamino)phenyl]-19-noipregna-4,9-diene-3,20-dione 3-oxime (143) 

(Figure 8): 

20 A solution of the 17a,21-dimethoxydienedione (113a, 0.3 g, 0.63 mmol) in 

absolute EtOH (20 mL) was treated with a 10-fold excess of solid hydroxylamine 
hydrochloride (0.44 g. 6.3 mmol). The reaction mixture was stirred at room temperature for 
2.5 h, after which time. TLC (10% acetone in methylene chloride, overspotted with con. 
NH4OH) indicated a complete reaction. The reaction mixture was diluted with water (-100 

25 mL). adjusted to pH of -8.0 with concentrated NH4OH solution, and extracted with 

methylene chloride (3x). The organic fractions were washed with water (3x) then filtered 
through anhydrous sodium sulfate, combined and concentrated in vacuo to give 0.37 g of 
the crude product (143) as a yellow foam. This material was purified via flash 
chromatography (10% acetone in methylene chloride) foUowedby trituration with pentane 

30 to give 0.17 g of the purified oxime (143). Analysis by HPLC on a Waters NovaPak Cg 
ODS column eluted with ac6tonitrile:0.05 M KH2PO4 buffer [pH 3.0]; 1:1 at a flow rate of 
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1 mL per min and at X = 276 nm indicated a purity of only 92%. This material was 
repurified via flash chromatography (10% acetone/methyleae chloride) foUowed by 
precipitation from acetonitrile with water to give 0.1 1 g of 1^ as a white powder in 35.5% 
yield for which HPLC analysis indicated it to be 96.2% pure; m.p. 129 - 135''C. FTIR 

5 (KBr, diffiise refelectance): 3290, 2938. 1722, 1613 and 1518 cm^ NMR (300 MHZ. 
CDCI3): 5 0.288 (s, 3 H, CI8-CH3), 2.898 (s, 6 H. NM^), 3.165 (s. 3 H. C17a-OCH3), 
3.454 (s, 3 H, C2I-OCH3). 4.245 and 4.380 (dd. 2 H. J = 17.9 Hz, C21-CH 2) 4.301 (d.. 1 
H, J = 6.9 Hz, Cllo-CH). 5.842 (s, 0.82 H, C4-CH= of an/i-oxime), 6.496 (s, 0.18 H, C4- 
CH= of jy«-oxime), 6. 633 (m, 2 H, 3', 5' aromatic-CH's) and 6.997 (m. 2 H. 2', & 

10 aromatic-CH's). MS (EI) miz (relative intensity): 492 (M+. 100). 476 (12.9). 134 (59.8) 
and 121 (65.0). Anal. Calcd. for CjoHwNiOvl/lOHaO: C, 72.87; H, 8.19; N, 5.67. Found: 
C. 72.97; H, 8.18; N, 5.44. 

EXAMPLE 46 

This example illustrates an unusual and novel oxidative N-demethylation 

15 method and properties of 17a-acetoxy-l lp-[4-(N-methylamino)phenyl]-21-methoxy-19- 
noipregna-4,9-diene-3,20-dione (14^ (Figure 3): 

A mixture of the dimethylaminophenyl compound (38, 500 mg, 0.98 mmol) 
and calcium oxide (471 mg, 8.40 mmol) in THF (4 mL) and methanol (3 mL) was chilled in 
an ice bath. Iodine (1 .255 g, 4.94 mmol) in THF (2 mL) was added. The reaction was 

20 stirred at 0»C for 1.5 hr and diluted with CH2CI2. The mixture was filtered and the filtrate 
sequentiaUy yielded 591 mg of crude material Flash chromatogrsqphy using 10% acetone 
in CH2CI2 gave 204 mg of 145 as an oflf-white soUd in 49 % yield. This was combined with 
material from other reactions (170 mg total) and purified as one batch. Two flash column 
chromatographies yielded 296 mg of material which was triturated with pentane 

25 accompanied with scratching and sonication. After drying in vacuo, 280 mg of 145 were 
obtained; m.p. = 177 - 182°C. FTIR (KBr, diffuse reflectance): v™« 3407, 2949, 1733, 
1662, 1615, 1519, 1448, 1370 and 1236 cm'^ NMR (300 MHZ, CDCI3): 8 0.403 (s, 3 H, 
CI8-CH3), 2.105 (s, 3 H, C17a-0Ac). 2.796 (s, 3 H. -NCH3), 3.412 (s, 3 H, 2I-OCH3). 
. 4.073 - 4.333 (dd, 2 H, 21-CHbOMe), 4.352 - 4.376 (d, 1 H, CI la-CH), 5.775 (s, 1 H, C4- 

30 CH=), and 6.489 - 6.933 (dd, 4 H, aiomatic-CH's). MS (EI) m/z (relative intensity): 491 
(f^.' Anal. Calcd. for C3aH37N05: C, 73.29; H, 7.59; N, 2.85. Foun± C. 73.22; H, 7.84; 
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N, 2.87. Analysis by HPLC on a Waters Assoc. NovaPak Cis column eluted with 
MeOH/HzO (65:35) with 0.05% EtsN at a flow rate of 1 mL per min and at X = 260 nm 
indicated a purity of 98.1% of 145. 

EXAMPLE 47 

5 This example illustrates an unusual and novel oxidative N-demethylation 

method and properties of Ho^l-diacetoxy-l ip-[4-(N-methylaniino)phenyH9-norpregna- 

4,9-diene-3,20-dione (144) : 

This compound was prepared in a manner similar to fliat of the above 
Example 46. Our initial concem was whether the 21-acetate would undergo hydrolysis 
10 when exposed to the demethylation reaction conditions. Treatment of the 

dimethylaminophenyl compound (1^ with iodine-calcium oxide in THF/MeOH proceeded 
similarly and smoothly to that of Example 46 without hydrolysis of the 21-acetate. 

A mixture of the dimethylaminophenyl compound (15, 775 mg, 1.45 mmol) 
and calcium oxide (692 mg. 12.34 mmol) in THF (6.4 mL) and MeOH (4.8 mL) was chilled 
15 in an ice bath. Iodine (1.84 g, 7.25 mmol) was added as a soUd and the mixture stirred 
under nitrogen in the ice bath for 2 hr. At that time the reaction was diluted with CH2CI2 
and filtered. The filtrate was washed with 15% sodium thiosulfate solution, H2O, brine, 
and then dried over NazSO*. Evaporation of the solvent yielded 1.38 g of the crude product 
(144). Flash column chromatography using 10% acetone in CH2CI2 gave 490 mg of the 
20 p^uct(144)asano£f-whitesolidin65%yieldwhichwas90%purebyHPLC. Thiswas 
combined with material fiom other batches (135 mg) and after two additional flash column 
chromatographies yielded 482 g which was 92% pure. An additional flash column 
chromatography was performed followed by trituration of the material with pentane, 
sonication and scratching. 330 mg of the demethylated product (144) were obtained; m.p. = 
25 135 - 142°C. FTIR (KBr, diffuse reflectance): v„n« 3394, 2942, 2883, 1737, 1662, 1613, 
1519, 1370 and 1234 cm NMR (300 MHz, CDCI3): 8 0.448 (s. 3 H. CI8-CH3), 1.266 (s, 
1 H, -NH), 2.134 - 2.176 (s, 6 H, C17a-0Ac and C21-0Ac), 2.810 (s, 3 H, -NCH3), 4.375 - 
4.399 (d, 1 H, CI la-CH), 4.670-4.981 (dd, 2 H, 21-a^OAc), 5.787 (s, 1 H, C4.CH=), and 
6.523 - 6.980 (dd, 4 H, aromatic-CH's). MS (EI) m/z (relative intensity): 519 (M*). Anal. 
30 Calcd. for C31H37NO6: C, 71.65; H, 7.18; N, 2.70. Found: C, 71.59; H, 7.31; N, 2.59. 
Analysis by HPLC on a Waters Assoc. NovaPak Cm column eluted with CH3CN/H2O 
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(50:50) with 0.05% EtsN at a flow rate of 1 mL per min and at X = 260 nm indicated a 
purity of98.8% of 144. 

Biological Properties of the Compounds of Formnla I 

MATEBIALS AND METHODS 

5 Statistical Analysis 

Statistical analysis was performed using standard methods and a PROPHET 
data management system operating on SUN Microsystems OS 4.4.1 (Bliss, CI., The 
Statistics ofBioassay, New York, Academic Press (1952); Hollister, C, Nucleic Adds 
Research, i<5:1873-1875 (1988)). Raw data, statistical and regression analysis are 

10 available. 

AntiMcGinty Test (McGinty, et aL, Endocrinology, 24:829-832 (1939)) 

Immature female rabbits of the New Zealand White breed (approx. 1 kg 
body weight) were maintained under standard laboratory conditions and received a 
subcutaneous injection of 5 ]ig estradiol in 10% ethanoVsesame oil daily for 6 consecutive 

15 days. Twenty-four hours after the last injection of estradiol (day 7) animals underwent 
sterile abdominal surgery to Ugate a 3-4 cm segment of both uterine horns. The 
experimental compomid in appropriate solvent (usually 10% elhanol/sesame oil) was 
injected intraluminally into the Ugated segment of one uterine hom and the vehicle alone 
into the Ugated segment of the contralateral hom. Injection volume was limited to 

20 0.1 ml,and care was taken to preveoit leakage. A stimulating dose of progesterone (0.8 

mg/day) was administered subcutaneously to each rabbit daily for the next three days (days 
7, 8 and 9) for the purpose of inducing endometrial proliferation. All animals were 
sacrificed on day 10 when a segment central to the Ugatures was removed and fixed in 10% 
neutral buffered formalin and submitted for histological processing. Five micron sections 

25 stained with hematoxylin and eosin (H&E) were evaluated microscopically for the degree 
of endometrial glandular proliferation according to the method of McPhail (McPhail, /. 
Physiol., 55: 145 (1934). The percent inhibition of endometrial proliferation for each rabbit 
was calculated and the mean of the group of five animals recorded. 
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AntiOauberg Test (Oauberg, C. Zentr. Gynakol, 54:2757-2770 (1930)) 

Immature female rabbits of the New Zealand White breed (approx. 1 kg 
body weight) were maintained under standard laboratory conditions and received a 
subcutaneous injection of 5 ^g estradiol in 10% ethanol/sesame oil daily for 6 consecutive 

5 days. Twenty-four hours after the last dose of estradiol (day 7) animals received 

progesterone by subcutaneous injection (0.8 mg/day) and the experimental compound in 
appropriate vehicle (usually 10% ethanol/sesame oil) orally or subcutaneously for five 
consecutive days. One group ofrabbits received progesterone only. Twenty-four hours 
after the last dose all animals were sacrificed for removal of the uterus which was cleaned 

10 of all fat and connective tissue, weighed to the nearest 0.2 mg and placed m 10% neutral 
buffered formalin for subsequent histological processing. Five micron sections stained with 
hematoxylin and eosin (H&E) were evaluated microscopically for the degree of 
endometrial glandular proHferation according to the method of McPhail (McPhail. supra). 
The percent mhibition of endometrial proliferation at each dose level of the experimental 

1 5 compound was derived by comparison with the progesterone-stimulated animals alone. 

Postcoital Test 

Adult female rats of the Sprague-Dawley strain were maintained under 
. standard laboratory conditions, 14 hours of Ught and 10 hours of darkness each day and 
cohabited with proven fertUe males when in proestrus. Sperai-positive animals were 
20 randomly assigned to control and experimental groups. The day vaginal sperm were found 
aginal washings constituted day 0 of gestation. Rats received experimental compounds 
■ vehicle (control) daily by the oral route on days 0-3 or 4-6. and were sacrificed between 
days 10 and 17 to record the number and condition of conceptuses. 



25 



m vag 
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Antiovulatory Test 

Immature female rats of the Sprague-Dawley strain weighing 200 to 250 g 
maintained under standard laboratory conditions. 14 hours of light and 10 hours of 
darkness each day. Vaginal washings were obtained daily and evaluated microscopicaUy to 
estabUsh the estrous cycle of each animal. Animals exhibiting two consecutive four-day 
cycles were used in the test. Each dose group consisted of eight rats and one group served 
30 as the vehicle control Animals were dosed at noon on ftie day ofproestrus and sacrificed 
24 hours later when ova can usuaUy be visualized in the distended ampuUa of flie oviduct 
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using a dissecting microscope. The oviducts were excised, an incision made in the 
distended ampulla and the ova teased out in a drop of water on a microscope slide so that 
the number shed could be counted. Historically, control animals shed between 12 and 14 
ova during each estrous cycle. Agents which inhibit ovulation usuaUy exhibit an "aU or 
5 none" effect; it is rare that ovulation is •'partiaUy" inhibited. Treatment groups were 
compared with the control group using a 95% contingency table or the EDioo was 
established with additional dose levels. 

Relative Binding Affinities for the Progesterone and Glucocorticoid Receptors 
Uteri and thymus glands were obtained fix)m estradiol-primed immature 

10 female rabbits of the New Zealand White strain for preparation of cytosols for the 

progesterone and ghxcocorticoid receptor assays, respectively. Tissues were excised and 
immediately placed in ice cold TEGDM buffer (10 mM Tris, pH 7.4; 1.5 mM EDTM 10% 
glycerol voVvoV; 1 mM dithiothreitol [DTT]; and 20 mM sodium molybdate). The tissues 
were dissected free of connective tissue and fet, weighed and minced finely. Minced 

1 5 tissues were homogenized in 3 volumes TEGDM/gm with four 10 second bursts of a ViiTis 
Cyclone set at half majcimum speed with a 30 second cooling period (in ice) between 
bursts. Homogenates were centrifuged at 109,663 g at 4''C for 1 hour to yield the soluble 
cytosol fraction. Aliquots of cytosol were snap frozen and stored at -75"'C. 

All binding assays were carried out at 2-6°C for 16-18 hours. The following 

20 radioactive Ugands were used: [1 ,2-^H(N)]-progesterone (50.0 Ci/mmole) for the 
progesterone receptor (PR). [6,7-^H(N)-dexamethasone (39.2 Ci/mmole) for the 
glucocorticoid receptor (GR) and [2,4,6,7-'H(N)]-esfradiol for the estrogen receptor. For 
the progesterone receptor RBA assays 0.02 ml uterine cytosol or TEDGM buffer, 0.05 ml 
of various concentrations of test compounds or progesterone, 0.13 ml TEGDM buffer and 

25 0.05 ml [^H]-progesterone were added to dupUcate tubes. For the glucocorticoid receptor 
RBA assays 0. 1 ml thymus cytosol or TEDGM buffer, 0.05 ml of various concentrations of 
test compounds or dexamethasone, 0.05 ml TEGDM buffer and 0.05 ml 
dexamethasone were added to duplicate tubes. For the estrogen receptor RBA assays 0.05 
ml uterine cytosol, 0.1 ml TEGDM buffer, 0.05 ml of various concentrations of test 

30 compounds or estradiol and 0.05 ml ['H]-estradiol were added to dupUcate tubes. The 
concentrations of the test compounds, progesterone, dexamethasone and estradiol ranged 
from 0.05 to 100 nM and the concentrations of the conq?etitors ranged from 0.5 to 500 nM. 
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Total binding was measured at radioUgand concentrations of 3.5 nM and nonspecific 
binding was measured in the presence of a 200-fold excess of unlabeled progesterone (PR), 
dexamethasone (GR) or diethylstilbestrol (ER), respectively. 

In aU incubations bound and free Ugand were separated using dextra-coated 
5 charcoal (DCC). A 0.1 ml aliquot of DCC (0.5% charcoal/0.05% Dextran T-70) was added 
to each tube. The tubes were vortexed and incubated on ice for 10 minutes. Five-tenths ml 
TEG buffer (without DTT or molybdate) was then added to aU tubes to improve supernatant 
recovery foUowing centrifugation. The charcoal was pelleted by centrifagation at 2,100 g 
for 15 minutes at 4»C. The supematants containing the [^-steroid receptor complexes 
10 were decanted into vials containing 4 ml Optifluor (Packard Instrument Co.). vortexed, 
equihbrated in a Uquid scintillation counter for 30 minutes and then counted for 2 minutes. 
This provided the quantity of receptor bound [^iq-steroid at each competitor concentration. 

The standard curves and the ECso (Effective Concentration) for each 
standard curve and curve for each test compound was determined by entering the counting 
1 5 data (receptor bound [^H]-progesterone, [^H]-dexamethasone or [^-estradiol) into a four 
parameter sigmoidal computer program (RiaSmaxt® hmnmioassay Data Reduction 
Program, Packard Instrument Co., Meriden. Comiecticut. Tlxe RB A for each test compound 
was calculated using the following equation: 

EC,„ Standard ^ 
ECjoTest Compound 

20 where ECso Standard = molar concentration of unlabeled progesterone, dexamethasone or 
estradiol required to decrease bound [^H]-progestetone (PR), [^H]-dexamethasone {GR) or 
[3H]-estradiol to 50% of the respective buffer control (100% bound radioligand) and EC50 
Test Compound = molar concentration of test compound required to decrease bound [^H]- 
progesterone (PR), [^HJ-dexamethasone (GR) or [^HJ-estradiol to 50% of the respective 

25 buffer control (100% bound radioligand). 

RESULTS 
EXAMPLE! 

Results of the antiMcGinty and oral autiClauberg tests as well as the relative 
binding affinities of these compounds are shown in Table 1. infra. Compared to the lead 
30 compound (CDB-2914. 21-H), the 21-acetoxy (15) and the 21-methoxy (38) analogs 



wo 01/74840 



141 



PCTAJSOl/08681 



exhibited 2.79 and 3.61 times, respectively, the antiprogestational potency as assessed by 
the oral antiClauberg test with a substantial reduction in glucocorticoid binding affinity. 
Further, the results of the antiMcGinty test of the 21-acetoxy analog (15) foUowing 
intraluminal administration closely paralleled those observed m the antiClauberg test 
following oral dosing. Since mifepristone (CDB-2477) is frequently used as a reference 
standard. Table 2, infra, contains data comparing the antiprogestational activity and relative 
binding affinity for the progesterone and glucocorticoid receptors of CDB-2914 with this 
standard. Recent studies have shown a good correlation between relative binding afBnity 
for the glucocorticoid receptor and abiological test based upon the antagonism of 
dexamethasone-induced thymus involution in adrenalectomized male rats. 

The halogenated analogs (13, 14A, 14B) did not show significant differences 
in antiprogestational activity nor relative biiiding affinity to the progesterone receptor from 
the lead compound, CDB-2914. Other 21 -substituted analogs generally exhibited reduced 
antiprogestational activity with the exception of the cypionate (40) which was about 50% 
more potent in the antiClauberg test. This may be due to hydrolysis to the conesponding 
21-hydroxy compound. However, the presence of additional bulkiness at position 21 does 
not always favor an increase in biological activity (see 14B) and enhanced relative binding 
affinity for the progesterone receptor was not necessarily indicative of greater 
antiprogestational activity (see 12). Thus the window of opportunity for enhanced 
antiprogestational activity with areduction in relative binding affinity for the glucocorticoid 
receptor for 21-substituted analogs of the lead conqjound (CDB-2914) is highly restricted 
and was identified only after numerous analogs had been synthesized and tested. 



wo 0in4840 



142 



PCT/USOl/08681 



Table 1 



ANTIPROGESTATIONAL ACTIVITY AND RELATIVE 
BINDING AFFINITY FOR THE PROGESTERONE 
AND GLUCOCORTICOID RECEPTORS 



COMPOUND 



AppliL 
No. 



69B 



12 



13 



14A 



14B 



15 



16 



17 



28 



38 



40 



41 



46 



CDB 
No. 



2914 



4062 



4058 



3876 



4031 



4059 



4102 



4101 



4030 



4124 
4125 



4152 



4167 



ANTIPROGESTATIONAL* 



AntiMcGinty 

100 



26 



103 



75 



71 



300 



>2 



65 



32 



AntiClaubeig 



100 



RELATIVE BINDING AFFINITY^ 



Progesterone 



122 



29 



80 



68 



279 



361 



155 



261 



125 



127 



130 



103 



37 



129 



103 



140 



130-210 



74 

62 



83 



Glucocorticoid 



114 



32 



109 
90 



175 



51 



77 



54 



126 



52 



37 
71 



46 



10 



^ Antiprogestational Activity 

AntiMcGinty: see text; CDB-2914 = 100 (assigned) 

AntiClauberg, oralrsee text; CDB-2914 = 100 (assigned) 
^Relative Binding Affinity 

Progesterone receptor (estrogen-primed rabbit uterus) progesterone « 

Glucocorticoid receptor(estrogen-prinied rabbit tbynm^^ dexamethasone = 100% 
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Table 2 





COMPOUND 


HTWnTNO AFFTNTTY^ 


BIOLOGICAL AcnvrrY 


CDBNO. 


NO. 




Oliicocortic 


antiClauberp^ 


Postcoital' 


Antiovulator* 






177 m4^ 


1 1 A 


inn 


9 


1 


3875 


69A 


164 





97 






3247 


69C 


91 


AO 


-10 


2* 




3248 


69D 


VIA 

40 


»y 


•weak { subcu^ 


itiflijstive QQ^ 




4243 


91 


171 




iTiar^ttvft 






— ^^'^^ 

1 4418 


70 


79 


12 


^25 






4363 


71 


123 (2031 


zu 


253 


0.5 


>16 


4399 


72 


\99 


1 in 


35 






4176 


74 


131 , . 




<10 






4324 


97a 


120 




110 






4398 


91h 


4/ 


JO 


99 






4455 


106a 












4241 


106b 


1J6 I 1721 


14 


34 






4400 


113A 


117f237) 


62 


229 






4454 


113B 


59 


34 








4417 


113c 


63 


45 


70 






4239 


123a 


1741-140^ 


11 


45-83 






4416 


I23b 


64 


45 


77 






4393 


139 


30 


79 


inactive 






4247 


126a 


95 


43 


170 






4362 


126b 


76 


15 


125 






4374 


126c 


68 


67 


224 






4361 


129 


155 


20 


303 






4306 


133 


82 


13 


95 






4352 


138 . 




14 


57 







'Progesterone receptor (estrogen-primed rabbit uterus); progesterone - 100% 

Figure in 0 is relative binding afSnity of the human isoform A progesterone receptor 
Glucocorticoid receptor (estrogen-piimed rabbit tiiymns) dexamefliasone - 100%. 

5 ^antiQauberg - raal except where indicated; CDB-2914 = 100 (assigno^. 

Postcoital - oral, rat MED ,00 {n>g/day) days 0-3 or -days 4-6 subcu; day sperm in vaginal washings = day 0. 
^Antiovulatory - oral, rat MEDUmg) single dose at noon on day of proestrus. 
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Tables 



RELATIVE BINDING AFFBSITIES AND 
ANTIPROGESTATION ACTIVITY 
OF CDB.2914 AND MIFEPRISTONE (CDB-2477) 



DRUG 



CDB-2914 



CDB-2477 



RELATIVE BINDING AFFINITY 



PROGESTERONE' 



H4-(n=18) 



150-17 (n=^ll) 



GLUCOCORTICXDID^ 



127-24 (n=12) 



221-35 (n=6) 



AKTIPROGBSTATIONAL ACTIVITY 



ANnMCXSINITY" 



0.56 
hO (assigned) 



AKTICLAUBERG" 



3.27 
1«0 (assigned) 



5 Wgestenme = 100%; innnature estrogen-primed rabbit uterus 

4)exametiiasone = 100%; immature estrogen-primed rabbit thymus 

^Intraluminal administration to estrogen-primed immature rabbits; CDB-2477 = 1.0 (assigned) 

Wl administration to estrogen-primed immature mbbits; CDB-2477 = 1.0 (assigned) 

EXAMPLE 2 

10 AntiClauberg 

Data from antiClauberg tests following oral admimstratioii are shown in 

Tables 1 and 2. Compounds 15, 38, 40, 41 , 46, 71 , 97a, im, 126a, 1^^ 
exhibited greater activity than the standard, 69B. Previous studies have shown that 69B is 
significanfly more potent than mifepristone (3.27 X; 95% CI. = 1 .41-7.58) in this test. 
15 Compounds 15, 38, 71 and 129 represent four of the most potent antiprogestational 
compounds known, and their low binding af&iity for the glucoro^^ 
predict minimal antiglucocorticoid activity. 

Postcoital 

Compound 71 exhibited about four times the postcoital contraceptive 
20 activity of the standard, compound 69B, following oral administration on days 0-3 of 
gestation. 

Antiovulatory 

Compound 71 was not fully active at a dose level 16 times the MEDioo for 
the standard, compound 69B, and compound 113a exhibited only about 6% of the 
25 antiovulatory activity of the standard. 

Relative Binding Affinity for the Progesterone and Glucocorticoid Receptors 
Relative binding affinities for the progesterone receptor (estrogen-primed 
rabbit uterine cytosol) and glucocorticoid receptor (estrogen-primed rabbit thymic cytosol) 
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are shown in Table 1. Several compounds were also tested for binding afBnity for the 
human isoform A progesterone receptor. Compounds 12, 13, 14A, 14B, 15, 28, 38, 69A, 
91, 71. 72. 73. 97a, 106b. 113a, 113d, 122b and 129 showed binding afBnities greater than 
^atTbs'^v^for the standard, compound 69B. On the other hand, most of the compounds 
5 tested exhibited reduced binding afBnity for both the progesterone and the glucocorticoid 
receptor. 

' DISCUSSION 

Many members of a series of derivatives of 19-norprogesterone possess 
potent antiprogestational activity following oral administration in experimental animals. 
10 They exhibit high binding afBnity for the progesterone receptor (rabbit uterine) and only 
modest relative binding afBnity for the glucocorticoid receptor (rabbit thymus). This is 
reflected in standard antiprogestational assays showing strong inhibition of progesterone- 
induced alterations of rabbit uterine endometrium. It is anticipated that the reduced binding 
afBnity for the glucocorticoid receptor will reflect diminished biological antiglucocorticoid 
15 activity. 

Table 3 compares the relative binding afBnity for the progesterone and 
glucocorticoid receptors as weU as the antiprogestational activity as measured by 
antiClauberg and antiMcGinty tests for the standard, compound 69B, and mifepristone 
(CDB-2477). Mifepristone exhibited greater binding afBnity for both receptor proteins and 
20 was more potent than the standard, compound 69B, in the antiMcGinty test. However, the 
standard was 3 times as potent as mifepristone in the antiClauberg test following oral 
administration. This finding has not been satisfactorily explained, but may be due to the 
differential pharmacokinetics of tiiese two steroids following oral administration. Higher 
blood levels of have been observed following oral administration to several species, 
25 thus indicating a greater oral bioavailable for tiie standard. 

Antiprogestational agents including mifepristone are known to prevent 
implantation in the rat (Dao. B.. et al.. Contraception, 54:243-258 (1996); Reel. J., et ai. 
Contraception, 55:129-136 (1998)), guineapig (Batista, M.. et ai. Am. J. Obstet. Gynecol., 
7(55:82-86 (1991). and man (Baulieu, E., Qinical Applications ofMtfepristone (RU486) 
30 and Other Antiprogestins (Donaldson. M., Dorflinger, L.. Brown, S. and Benet. L. (eds.). 
National Academy Press, pp. 72-1 19 (1993)). Compound 71 was four times as potent as 
the standard, compound 69B, in preventing pregnancy when orally administered on days 0- 
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3 of presumptive gestation. Curiously, compound 71 was only about 5% as potent as the 
standard in inhibiting ovulation. Both compound 69B and mifepristone have been shown to 
inhibit ovulation in the rat pao, et al., supra), and mifepristone has been shown to affect 
ovulation in human subjects (BauUeu, et al. supra). Compound 69B has been shown to 
affect both follicular development and ovulation as well as endometrial maturation in 
human subjects foUowing a single oral dose (unpublished data). 

Compound 113a exhibited high binding afBnity for both the rabbit 
progesterone receptor (isoform B) and the human progesterone receptor (isoform A). This 
was reflected m potent antipiogestational activity in vivo where it was more than twice as 
active at the standard, compound 69B. It also showed reduced binding afBnity for the 
glucocorticoid receptor and was about half as effective as compound 69B in preventing 
pregnancy in the postcoital test. Stirangly, this compound was only 6% as active as the 
standard in inhibiting ovulation. Thus, compound 113a may represent an antiprogestational 
steroid with high tissue specificity. 

It is understood tiiat the examples and embodiments described horein are for 
illust-ative purposes only and that various modifications or changes in Ught thereof wiU be 
suggested to persons skilled in the art and are to be included within the spirit and purview 
of this application and scope of tiie fended claims. AU publications, patents, and patent 
appUcations cited herein are hereby incorporated by reference for all purposes. 
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WHAT IS CLAIMED IS ; 
1 1 . A conqjound having the general foimula: 




I 



3 wherein: 

4 R' is a member selected &om the groap consisting of -OCHa, -SCH3, 

5 -N(CH3)2, -NHCH3. -NC4H8, -NC5H10, -NC4H8O, -CHO, -CH(0H)CH3. -C(0)CH3, 

6 -0(CH2)2N(CH3)2, -0(CH2)2NC4H8, and -0(CH2)2NC5H,o; 

7 r2 is a member selected from the group consisting of hydrogen, 

8 halogen, alkyl, acyl, hydroxy, alkoxy, acyloxy, alkylcarbonate, cypionyloxy, S-alkyl, -SCN, 

9 S-acyl, and -OC(0)R^, wherein is a member selected from the group consisting of alkyl, 

1 0 alkoxy ester and alkoxy; 

11 is a member selected from the group consisting of alkyl, hydroxy, 

1 2 alkoxy and acyloxy; 

13 R"^ is a member selected from the group consisting of hydrogen and 

14 alkyl; and 

15 X is a member selected from the gjcovcp consisting of =0 and =N-OR^, 

16 wherein R^ is a member selected from the group consisting of hydrogen and alkyl. 

1 2. The compound in accordance with claim 1, wherein R^ is a member 

2 selected from the group consisting of -N(CH3)2, -NC4H8, -NC5H10, -NC4H8O, -C(0)CH3, 

3 -0(CH2)2N(CH3)2, -0(CH2)2NC4H8, and -0(CH2)2NC5Hio. 



1 3. The compound in accordance with claim 1 , wherein is a member 

2 selected from the group consisting of hydrogen, alcyloxy, alkoxy, -SAc, -SCN, 
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3 -OC(0)CH2N(CH3)2, and -OC(0)R^ wherein is a member selected from the group 

4 consisting of alky, alkoxy ester and alkoxy. 

1 4. The compound in accordance with claim 3, wherein is -OC(0)R^ and 

2 R^ is a member selected from the group consisting of -CH2CH3, -CH2OCH3 and -OCH3. 

1 5. The conq)ound in accordance with claim 1, wherein R^ is an alkoxy 

2 selected from the group consisting of methoxy, ethoxy, vinyloxy, ethynyloxy and 

3 cyclopropyloxy. 

1 6. The compound in accordance with claim 1 , wherein R^ is a member 

2 selected from the group consisting of alkyl, alkoxy, acyloxy and hydroxy. 

1 7. The compound in accordance with claim 1 , wherein R'^ is alkyl. 

1 8. The compound in accordance with claim 1, wherein X is =0. 

1 9- The compound in accordance with claim 1, wherein X is =N-OR^. 

1 10. The compoxmd in accordance with claim 1, wherein: 

2 R^is-N(CH3)2; 

3 R^ is hydrogen; 

4 R^ is acyloxy; 

5 R"^ is methyl; and 

6 Xis=0. 

1 11. The compound in accordance with claim 1 0, wherein R^ is acyloxy 

2 selected from the group consisting of -OC(0)H, -OC(0)CH2CH3 and -OC(0)C6Hi3. 

1 12. The compound in accordance with claim 1, wherein: 

2 RMs-N(CH3)2; 

3 R^ is hydrogen; 

4 R^ is methoxymelhyl; 
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5 R* is methyl; and 

6 Xis=0. 

1 13. The compound in accordance with claim 1, wherein: 

2 RMS.NC4H8; 

3 is hydrogen; 

4 R-' is acetoxy; 

5 R"* is methyl; and 

6 . Xis=0. 

1 14. The compoimd in accordance with claim 1 , wherein: 

2 rMs-NCsHio; 

3 R^ is hydrogen; 

4 R^ is acetoxy; 

5 R"^ is methyl; and 

6 Xis=0. 

1 15. The compoimd in accordance with claim 1, wherein: 

2 R^ is -NC4H8O; 

3 R^ is hydrogen; 

4 R^ is acetoxy; 

5 R* is methyl; and 

6 Xis=0. 

1 16. The compoimd in accordance with claim 1 , wherein: 

2 rMs-C(0)CH3; 

3 R^ is hydrogen; 

4 R^ is acetoxy; 

5 R"* is methyl; and 

6 Xis=0. 
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1 17. The compound in accordance with claim 1, wherein: 

2 R^s-SCHa; 

3 is hydrogen; 

4 R^ is acetoxy; 

5 R^ is methyl; and 

6 Xis=0. 

1 18. The compound in accordance with claim 

2 wherein: 

3 rMs.N(CH3)2; 

4 R^ is hydrogen; 

5 R^ is methoxy; 

6 R"* is methyl; and 

7 Xis=0. 

1 19. The compound in accordance with claim 1, wherein: 

2 rMs-NCsHio; 

3 R^ is hydrogen; 

4 R^ is methoxy; 

5 R* is methyl; and 

6 Xis=0. 

1 20. The compound in accordance with claim 1 , wherein: 

2 rMs-NCsHio; 

3 R^ is acetoxy; 

4 R-' is acetoxy; 

5 R'* is methyl; and 

6 Xis=0. 
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1 21. The compound in accordance with claim 1, wherein: 

2 is -C(0)CH3; 

3 is acetoxy; 

4 R^ is acetoxy; 

5 R^ is methyl; and 

6 Xis=0. 

1 22. The conq)ound in accordance with claim 1, wherein: 

2 r4s-C(0)CH3; 

3 rMs-SAc; 

4 R^ is acetoxy; 

5 R* is methyl; and 

6 Xis=0. 

1 23. The compoimd in accordance with claim 1, wherein: 

2 R^ is -C(0)CH3; 

3 R^ is methoxy; 

4 R^ is methoxy; 

5 R"* is methyl; and 

6 Xis=0. 

1 24, The compound in accordance with claim 1 , wherein: 

2 rMs.N(CH3)2; 

3 R^ is methoxy; 

4 R^ is methoxy; 

5 R^ is me&yl; and 

6 Xis=0. 

1 25. The compound in accordance with claim 1 , wherein: 

2 R4s-N(CH3)2; 

3 R^ is methoxy; 
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4 R-^ is ethoxy; 

5 R'^ is methyl; and 

6 Xis=0. 

1 26. The compound in accordance with claim 1, wherein: 

2 . R^s-NC4H8; 

3 R^ is methoxy; 

4 R^ is methoxy; 

5 R^ is methyl; and 

6 Xis=0. 

1 27. The compomid in accordance with claim 1 , wherein: 

2 rMs-NCsHio; 

3 R^ is methoxy; 

4 R^ is methoxy; 

5 R^ is methyl; and 

6 Xis=0. 

1 28. The compound in accordance with claim 1, wherein: 

2 rMs-NCsHio; 

3 R^ is methoxy; 

4 R^ is acetoxy; 

5 R'* is methyl; and 

6 Xis=0. 

1 29. The compound in accordance with claim 1, wherein: 

2 r4s-C(0)CH3; 

3 R^ is methoxy; 

4 R^ is acetoxy; 

5 R"* is methyl; and 

6 Xis=0. 
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1 30. The compound in accordance with claim 1, wherein: 

2 rMs-0(CH2)2N(CH3)2; 

3 is methoxy; 

4 is acetoxy; 

5 R"* is methyl; and 

6 Xis^O. 

1 31. The compound in accordance with claim 1, wherein: 

2 r4s-0(CH2)2NC4H8; 

3 R^ is methoxy; 

4 R^ is acetoxy; 

5 is methyl; and 

6 XisO. 

1- 32, The compound in accordance with claim 1, wherein: 

2 R' is -0(CH2)2NC5Hio; 

3 R^ is methoxy; 
.4 R^ is acetoxy; 

5 R^ is methyl; and 

6 XisO. 

1 33. The compound in accordance with claim 1, wherein: 

2 RMs-N(CH3)2; 

3 R^is-OC(0)CH2CH3; 

4 R^ is acetoxy; 

5 R'* is methyl; and 

6 Xis=0. 

1 34. The compoimd in accordance with claim 1, wherein: 

2 rMs-N(CH3)2; 

3 R^is-OC(0)CH20CH3; 
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4 R-' is acetoxy; 

5 R"* is methyl; and 

6 Xis=0. 

1 35. The compound in accordance with claim 1, wherein: 

2 RMs-N(CH3)2; 

3 R^is-OC(0)0CH3; 

4 R^ is acetoxy; 

5 R^ is methyl; and 

6 Xis=0. 

1 36. The compound in accordance with claim 1 , wherein: 

2 rMs-N(CH3)2; 

3 R^is-0CH=CH2; 

4 R^ is acetoxy; 

5 R"^ is methyl; and 

6 Xis=0. 

1 37. The compound in accordance with claim 1, wherein: 

2 r4s-N(CH3)2; 

3 R^is-0CH=€H2; 

4 is methoxy; 

5 R'* is mediyi; and 

6 Xis=0. 

1 38. The compound in accordance with claim 1, wherein: 

2 R'is-N(CH3)2; 

3 r2 is -0CH=CH2; 

4 R' is ethoxy; 

5 R"* is methyl; and 

6 Xis=0. 
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1 39. The conqraund in accordance with claim 1 , wherein: 

2 rMs-N(C3I3)2; 

3 RMs-SCN; 

4 R"* is acetoxy; 

5 R"* is methyl; and 

6 Xis=0. 

1 40. The compound in accordance widi claim 1, wherein: 

2 R' is -N(CH3)2; 

3 R^is-OC(0)H; 

4 R^ is -OC(0)H; 

5 R^ is methyl; and 

6 Xis=0. 

1 41. The compomid in accordance with claim 1, wherein: 

2 R' is -N(CH3)2; 

3 R^is-OC(0)H; 

4 R^ is hydroxy; 

5 R'^ is methyl; and 

6 Xis=0. 

1 42. The compomid in accordance with claim 1, wherein: 

2 rMs-N(CH3)2; 

3 R'is-OC(0)CH2N(CH3)2; 

4 R^ is acetoxy; 

5 R** is methyl; and 

6 Xis=0. 

1 43. The compound in accordance with claim 1, wherein: 

2 R' is -NC5H10; 

3 R^ is hydrogen; 
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4 R is acetoxjr, 

5 R'^ is methyl; and 

6 X is =N-OR^ whearein R^ is hydrogen. 

1 44. The compound in accordance with claim 1 , wherein: 

2 r4s-N(CH3)2; 

3 R^ is hydrogen; 

4 R^ is methoxy; 

5 R"* is methyl; and 

6 X is =N-OR^, wherein R^ is hydrogen. 

1 45. The compound in accordance with claim 1 , wherein: 

2 RMs-NCsHio; 

3 R^ is hydrogen; 

4 R"^ is methoxy; 

5 R"^ is methyl; and 

6 X is =N-OR^ wherein R^ is hydrogen. 

1 46. The compound in accordance with claim 1, wherein: 

2 R^is-N(CH3)2; 

3 R^ is methoxy; 

4 R^ is methoxy; 

5 R"* is methyl; and 

6 X is =N-OR^ wherein R^ is hydrogen. 

1 47. The compound in accordance with claim 1 , wherein: 

2 rMs-NHCHs; 

3 R^ is methoxy; 

4 R^ is acetoxy; 

5 R"* is methyl; and 

6 Xis=0. 
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1 48. The compound in accordance with claim 1, wherein: 

2 is -NHCH3; 

3 is acetoxy; 

4 R-^ is acetoxy; 

5 R^ is methyl; and 

6 Xis=0. 

1 49. A phannaceutical composition comprising an effective amount of a 

2 compound in accordance with claim 1 and a pharmaceutically acceptable excipient. 

1 50. A method of producing an antiprogestational effect in a patient, said 

2 method comprising administering to said patient an effective amount of a compound in 

3 accordance with claim 1 . 

1 51. A method of inducing menses in a patient, said method comprising 

2 administering to said patient an effective amount of a compoimd in accordance with claim 1. 

1 52. A method of treating endometriosis, said method comprising 

2 administering to said patient an effective amount of a compound in accordance with claim 1 . 

1 53. A method of treating dysmenorrhea, said method comprising 

2 administering to said patient an effective amoimt of a compoimd in accordance with claim 1 . 

1 54. A method of treating endocrine hormone-dependent tumors, said 

2 method comprising administering to said patient an effective amount of a compound in 

3 accordance with claim 1 . 



1 55. A method of treating meningiomas, said method comprising 

2 administering to said patimt an effective amount of a compound in accordance with claim 1. 
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1 56. A method of treating uterine fibroids in a patimt, said method 

2 comprising administering to said patient an effective amount of a compound in accordance 

3 with claim 1. 

1 57. A method of inhibiting uterine endometrial proliferation in a patient, 

2 said method comprising administering to said patient an effective amount of a coii^)ound in 

3 accordance with claim 1 . 

1 58. -^ A method ofinducing labor, said method coinprisingadnMiiistering to a 

2 patient an effective amount of a compound in accordance with claim 1. 

1 59. A method of contraception, said method comprising administering to a 

2 patient an effective amount of a compound in accordance with claim 1. 

1 60. A method of postcoital contraception, said method comprising 

2 administering to a patient an effective amount of a compound in accordance with claim 1. 
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FIGURE 1 
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nGURE2 
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145: Y«OMe 



38: Y=»OMe 
46: Y-OEt 



37: Y^'OMe 
45: Y«OEt 



FIGURES 
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c:-.OH 




O 



50 



(F3C)2CO<3H2q 
H2O2 O- 
Na2HP04 0* 
CH2CI2 




51 



52 
53 
54 
55 
56 



OH 

R=-N(CH3)2 
R = -NC4Hg 
R=-NC?I,o 
R»-NC4H80 
R= V^Hj 




(F3CCO)20 
R2CO2H. p-TsOH 

CH2CI2. (f C 




69A: R = -N(CH3)2.Ri 
69B: R=-N(CH3)2,Ri 
69C.: R = -N(CH3)2,R| 
69D: R = -N(CH3)2.Ri 
70. : R=-NC4Hg, Ri 

71 : R = -NC5Hio, Ri = 

72 : R=-NC4H80,R,= 

73 : R = -C(0)CH3,R,= 

74 : R = -SCH3, Ri 



= -C(0)H 
= ^:(0)CH3 
= -C(0)Et 
= -C(0)C6Ht3 
= -C(0)CH3 
= .C(0)CH3 
-C(0)CH3 
= -C(0)CH3 
= ^(0)CH3 



NH2OH 



61: R = -N(CH3)2 

62: R = -NC*Hg 

63: R = -NCjHio 

64: R = -NC4HgO 

65: R--C(0)CH3 

66: R-'SCHj 




.NC5H10. R1=-C(0)CH3 



Figure 4 
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• Yield from 83 to J6is 37% 



Figure 5 
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97 a: R= -N(CH3)2 142 a: R = -N(CH3)2 

b: R= .NC5H10 R^-'NCsHio 



Figure 6 
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OSKCHj), 



tCF3)2C0.3H;0 Q 

H202.NaiHP04 / 1 
CH2Cl2,0ft 





Cl-Si-CHiX 

"DMA^EtjN , 
THF O 
103a: R- -NCsHio, X- CI l"2a: R = -N(^jo 
h-.K" -C(0)CHj.x- Br 

1) LDA/rHF 
•78*C 

2) 4iiHCl 
or 411 HBr 




OSMej 



b:R=^(0)CH3 



101a: R 
b:R 



O O 





HQAc,p»TsOH 
CH2Cl2,tfC _ 



J Acetone^flux , 

In case of 105c 
KSAc,NaI 
acetone, reflux 

104a:R= -NCjH.a X- CI l«K.jR = -NC^0.Y-OAc 
b: R- -C(0)CH3 X - Br b: R = -C(0)CH3 Y= -OAc 

c: R= -C(0)CH3.Y=>-SAc 




106a: R= -NCsHio, Y = -OAc 
b: R - -C(0)CHj Y » -OAc 
c:R» -C(0)CH3. Y = -SAc 



Figure? 
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OCHj 

KO-/BU, THF 0 
CkjOH.H20/ ^ 



^OCHj 

{CF,)iCO0H2O 



Na2HP04 
56^0 



HQ)-MgBr 
OCH3 




O OH 
: R = -NCsHio 



roX, DMSO 0^ 




0CH3 



112 a: R = .N(CH3)2 
b: R-.NC4H8 
c: R = -NC5Hio 
d: Ra.C(0)CH^ 

R 




U3a: R = .N(CH3)2 
b: R^-NCA 
c: Ra-NCsHio 
d: R = <:(0)CH3 

NH2OH 



143: R«-N(CH3)2 



Figure 8 
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(CFjCOhO 
AcOH 
p-TsOH 

(fC 



123a: Ra-NCsHio 
b: R = -C(0)CH3 
c: R = -0(gH2)2N(CH3)2 
d: R = -0(CH2)2NCjH,o 




121a: Ra-NCjHin 
b: R= >JCI^ 
(TO 

c: R= -d(ai2)2N(CH3)2 
d: R= -0(CH3)2NCsHio 
O 

H* 

THF/HzO 



122a: Rs-NCsHio 
b: R = -C(0)CH3 
c: R = -0(CH2)2N(CH3)a 
d: R=-0(CH2)2NCsHio- 



Figure 9 



wo 01/74840 



10/11 



PCT/USOl/08681 




Figure 10 
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Figure 11 
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assignee, which will directly effect or be directly affected by or have a bearing on the Board's decision in 
this appeal. 

STATUS OF CLAIMS 

A complete listing of claims 1-123 of the present application is attached in the Claim Appendix hereof. 
The status of such claims is as follows: 

Withdrawn claims: Claims 31-100 and 107-123 

Cancelled claims: 4, S and 28 

Objected claims: none 

Rejected claims: 1-3, 6-27, and 29-30 

Claims 1-3, 6-27 and 29-30 have been finally rejected under 35 U.S.C. § 103(a) by the Examiner in the 
March 16, 2005 Office Action, and such rejected claims are the subject of this appeal. 

STATUS OF AMENDMENTS 

No amendments have been filed subsequent to the March 16, 2005 final rejection of claims 1-3, 6-27 and 
29-30. 

SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to microfibrous fuel cells, and to structures and assemblies including same. 
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Claims 1-3, 6-27 and 29-30 are being appealed herein, and a concise explanation of the subject matter 
defined in each of the independent claims involved in the appeal is set out below, with reference to the 
specification by page and line number, and to drawing reference characters. 

Independent claim 1 recites a microfibrous fuel cell (defined at page 17, lines 8-10 of the specification) 
structure (page 19, line 1 of the specification; reference number 100 in Figure 1) characterized by 
an outer diameter in a range of from about 10 microns to about 10 millimeters (page 1, lines 10- 
1 1 of the specification), comprising: 

an inner current collector (page 19, lines 2-3 of the specification; reference number 102 in 
Figure 1); 

an outer current collector (page 19, line 3; reference number 108 in Figure 1); 

a hollow fibrous membrane separator comprising an electrolyte medium (page 19, lines 3-4 
of the specification; reference number 104 in Figure 1), said membrane separator being 
in electrical contact with both the inner and outer current collectors (page 19, lines 4-5 of 
the specification; see generally Figure 1); 

an inner electrocatalyst layer (page 19, lines 5-6 of the specification; reference number 106 
in Figure 1) in contact with said inner current collector and said hollow fibrous 
membrane separator (page 19, lines 3-4 of the specification; reference number 104 in 
Figure 1); and 

an outer electrocatalyst layer (page 19, line 9 of the specification; reference number 110 in 
Figure 1) in contact with said outer current collector and said hollow fibrous membrane 
separator (page 19, lines 3-4 of the specification; reference number 104 in Figure 1), 
wherein both the inner and outer electrocatalyst layers are electrically conductive, wherein a 
lumen (see Figure 1, showing lumen between inner electrocatalyst layer 106 (page 19, line 6 of 
the specification, identifying inner electrocatalyst layer 106 as comprising catalyst layer 106A 
and interfacial composite layer 106B) and the inner current collector 102 (page 19, lines 2-3 of 
the specification)) is provided between the inner electrocatalyst layer (page 19, line 6 of the 
specification; reference number 106 (106A, 106B) in Figure 1) and the inner current collector 
(page 19, lines 2-3 of the specification; reference number 102 in Figure 1), and wherein the inner 
electrocatalyst layer (page 19, line 6 of the specification; reference number 106 (106A, 106B) in 
Figure 1) comprises: 

(a) a catalyst layer (page 19, line 6 of the specification; reference number 106A in 
Figure 1) comprising a catalytic material in an amount of at least 90% by total 
weight of the catalyst layer (page 6, lines 6-7 of the specification); and 
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(b) an interfacial composite layer comprising a mixture of said catalytic material and 
said electrolyte medium (page 19, lines 6-7 of the specification; reference number 
106B in Figure 1). 

Independent claim 22 recites a fuel cell assembly (page 21, lines 14-15 of the specification; reference 
number 200 in Figure 3), comprising multiple microfibrous fuel cells bundled together (page 2, line 7-8 
of the specification), wherein at least one of said multiple microfibrous fuel cells is characterized by the 
microfibrous fuel cell structure of claim 1 (page 21, lines 14-15 of the specification; reference number 
100 in Figure 1). 

Independent claim 24 recites a fuel cell assembly (page 21, lines 14-15 of the specification; reference 
number 200 in Figure 3), comprising multiple microfibrous fuel cells bundled together (page 2, lines 7-8 
of the specification), wherein each of said multiple microfibrous fiiel cells is characterized by the 
microfibrous fuel cell structure of claim 1 (page 21, lines 14-15 of the specification; reference number 
100 in Figure 1). 

Independent claim 26 recites a fuel cell assembly (page 21, lines 15-17 of the specification; reference 
number 210 in Figure 4), comprising multiple microfibrous ftiel cells bundled together (page 2, lines 7-8 
of the specification), wherein at least one of said multiple microfibrous fuel cells is characterized by the 
microfibrous fuel cell structure of claim 2 (page 20, lines 3-7 of the specification; see generally Figure 2). 

Independent claim 27 recites a fuel cell assembly (page 21, lines 14-15 of the specification; reference 
number 200 in Figure 3), comprising multiple microfibrous fuel cells bundled together (page 2, line 7-8 
of the specification), wherein at least one of said multiple microfibrous fuel cells is characterized by the 
microfibrous fuel cell structure of claim 3 (page 6, lines 8-9 of the specification). 

Independent claim 29 recites a microfibrous fuel cell (defined at page 17, lines 8-10 of the 
specification) structure (page 19, line 1 of the specification; reference number 100 in Figure 1) 
characterized by an outer diameter in a range of from about 10 microns to about 10 millimeters 
(page 1, lines 10-11 of the specification), comprising: 

an inner current collector (page 19, lines 2-3 of the specification; reference number 102 in 
Figure 1); 

an outer current collector (page 19, line 3; reference number 108 in Figure 1); 
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a hollow fibrous membrane separator conq>rising an electrolyte medium (page 19, lines 3-4 
of the specification; reference number 104 in Figure 1), said membrane separator being 
in electrical contact with both the inner and outer current collectors (page 19, lines 4-5 of 
the specification; see generally Figure 1); 

an inner electrocatalyst layer (page 19, lines 5-6 of the specification; reference number 106 
in Figure 1) in contact with said inner current collector and said hollow fibrous 
membrane separator (page 19, lines 3-4 of the specification; reference number 104 in 
Figure 1); and 

an outer electrocatalyst layer (page 19, line 9 of the specification; reference number 110 in 
Figure 1) in contact with said outer current collector and said hollow fibrous membrane 
separator (page 19, lines 3-4 of the specification; reference number 104 in Figure 1), 
wherein both the inner and outer electrocatalyst layers are electrically conductive, wherein a 
lumen (see Figure 1, showing lumen between inner electrocatalyst layer 106 (page 19, line 6 of 
the specification, identifying inner electrocatalyst layer 106 as comprising catalyst layer 106A 
and interfacial composite layer 106B) and the inner current collector 102 (page 19, lines 2-3 of 
the specification)) is provided between the inner electrocatalyst layer (page 19, line 6 of the 
specification; reference number 106 (106A, 106B) in Figure 1) and the inner current collector 
(page 19, lines 2-3 of the specification; reference number 102 in Figure 1), and wherein the inner 
electrocatalyst layer (page 19, line 6 of the specification; reference number 106 (106A, 106B) in 
Figure 1) comprises: 

(a) a catalyst layer (page 19, line 6 of the specification; reference number 106A in 
Figure 1) comprising a catalytic material in an amount of at least 90% by total weight of 
the catalyst layer (page 6, lines 6-7 of the specification); and 

(b) an interfacial composite layer (page 20, line 22 to page 21, line 1 of the 
specification; reference number 906B in Figure 18) comprising a mixture of said 
electrolyte medium and an electrically conductive material (page 20, line 22 to page 21, 
line 2 of the specification). 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The following references were cited under 35 U.S.C. § 103(a) in the March 16, 2005 Office Action finally 
rejecting the pending claims 1-3, 6-27 and 29-30: 
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(a) Eshraghi et al. U.S. Patent No. 5,989,300 (hereinafter "Eshraghi"); 

(b) Hunt U.S. Patent No. 6,403,245 (hereinafter "Hunt"); and 

(c) Imai et al. U.S. Patent No. 4,483,694 (hereinafter "Imai"). 

Two grounds of rejection are requested to be reviewed in this appeal: 

(1) the rejection of claims 1-3, 6-20, 22-27 and 29-30 under 35 U.S.C. §103(a) as being obvious over 
Eshraghi in view of Hunt; and 

(2) the rejection of claim 21 under 35 U.S.C. § 103(a) as being obvious over Eshraghi in view of Hunt, 
and further in view of Imai. 

ARGUMENT 

Ground of Rejection No. (1): the rejection of claims 1-3, 6-20, 22-27 and 29-30 under 35 U.S.C. § 103(a) 
as being obvious over Eshraghi in view of Hunt 



Claim 1, representative of the appealed claims 1-3, 6-20, 22-27 and 29-30, recites: 

"A microfibrous fuel cell structure characterized by an outer diameter in a range of from 
about 10 microns to about 10 millimeters, comprising: 

an inner current collector; 

an outer current collector; 

a hollow fibrous membrane separator comprising an electrolyte medium, said 
membrane separator being in electrical contact with both the inner and outer current 
collectors; 

an inner electrocatalyst layer in contact with said inner current collector and said 
hollow fibrous membrane separator; and 

an outer electrocatalyst layer in contact with said outer current collector and said 
hollow fibrous membrane separator. 
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wherein both the inner and outer electrocatalyst layers are electrically conductive, 
wherein a lumen is provided between the inner electrocatalyst layer and the inner 
current collector, and wherein the inner electrocatalyst layer comprises: 

(a) a catalyst layer comprising a catalytic material in an amount of at least 90% by 
total weight of the catalyst layer; and 

(b) an interfacial composite layer comprising a mixture of said catalytic material and 
said electrolyte medium." 

In the March 16, 2005 Office Action finally rejecting claims 1-3, 6-20, 22-27 and 29-30, the Examiner 
conceded that "[T]he reference [primary reference Eshraghi] does not teach the inner electrocatalyst 
layer comprising (a) a catalyst layer comprising a catalytic material in an amount of at least 90% by the 
total weight of the catalyst layer and (b) an interfacial composite layer comprising a mixture of the 
catalytic material and the electrolyte medium." 

In an attempt to remedy such deficiency of the primary Eshraghi reference, the secondary Hunt reference 
was cited by the Examiner as disclosing a composite catalyst layer comprising a catalytic material (i.e., 
platinum) and a proton-conductive ionomer, having a compositional gradient that ranges from 
substantially pure ionomer (i.e., Nafion), to an increasing concentration of catalytic material intermixed 
with the Nafion, to substantially pure catalytic material (Hunt, column 7, lines 52-57). 

As the basis for rejection of representative claim 1, the Examiner, while conceding that Eshraghi "does 
not teach the inner electrocatalyst layer" as recited in applicants' claims, has hypothesized that Hunt can 
be combined with Eshraghi to "incorporate an electrolyte material into a catalyst layer as the additive 
will provide a composite with a density and particle distribution effective to optimize proton access to the 
catalyst and electron flow from the catalyst as taught in Hunt." The examiner has also posited an 
additional rationale for this hypothetical modification, contending that "[I]n addition, the contact 
between the catalyst and electrolyte membrane will be improved," citing column 7, lines 1-15 of Hunt. 
On this basis, the examiner has concluded that "[T]he artesian [sic] would have found the claimed 
invention to be obvious in light of the teachings of the references." 

Concerning each of the examiner's contentions in turn, the examiner has asserted that the incorporation 
of electrolyte material into the catalyst layer of Eshraghi "will provide a composite with a density and 
particle distribution effective to optimize proton access to the catalyst and electron flow from the catalyst 
as taught in Hunt." Since the hypothesized motivation from Hunt is to optimize the proton access to the 
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catalyst and electron flow from the catalyst, it is notable that the only usage in Hunt of the word 
"optimize" is at column 8, lines 52-63: 

"Specifically, the compositions described herein provide an in5)roved 
interface between the catalyst, the ionomer and the gaseous reactants. To 
that end, the porous graphite fibers coated with the nano particles of 
catalyst material work to optimize catalyst utilization bv maximizing the 
surface area of catalyst which is in contact with the ionomer , to 
effectively facilitate the exchange of protons between the catalyst 
surface site of the redox reactions and the ionomer membrane. This 
reduces the amount of catalyst that is not in direct contact with the 
ionomer nor near the gas interface and electrical conductor, and which 
would be 'non-participating' catalyst." (emphasis added). 

There is, however, not even a single mention in Eshraghi of "graphite fiber" or "carbon fiber," and 
therefore no obvious nexis for importing the teachings of Hunt into Eshraghi. Further, Hunt coats 
graphite fibers with nanoparticles of catalyst to "optimize catalyst utilization by maximizing the surface 
area of catalyst, which is in contact with the ionomer." 

There is thus no teaching or suggestion in Eshraghi of the graphite fiber that is utilized in Hunt, and 
therefore no basis for the importation of features that the examiner has proposed. 

More fundamentally, however, there is nothing in Eshraghi to in any way suggest that the electrocatalyst 
layer of Eshraghi is in any way sub-optimal, inferior or otherwise inadequate in its surface area. 

Contrariwise, Eshraghi, at column 2, lines 20-23 in the Detailed Description of the Invention section of 
such reference, teaches that "[W]ith cells having an OD of about 1 millimeter or less, an extremely high 
surface area of active electrocatalyst can be packed into a given volume" (emphasis added). This clear 
and unambiguous teaching of Eshraghi fully rebuts the hypothetical rationale for modifying Eshraghi by 
application of Hunt. 

The absence of any motivating basis in Hunt for the hypothesized modification of Eshraghi is also 
apparent in a rigorous consideration of the examiner's further contention that Eshraghi should be 
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modified per Hunt, since "the contact between the catalyst and the electrolyte membrane will be 
improved" (Office Action, page 4, lines 15-16). In fact, the cited passage in Hunt nowhere mentions the 
term "improved," but instead merely states that "[C]ontact between the Nafion and the platinum is 
excellent." 

Again, there is nothing in Eshraghi to in any way suggest that the electrocatalyst layer of Eshraghi is not 
itself excellent. As mentioned above, Eshraghi specifically teaches that in electrochemical cells of his 
disclosure, "an extremely high surface area of active electrocatalyst can be packed into a given volume," 
thereby evidencing that the surface area and contact characteristics of the electrocatalyst layer are of a 
superior nature. Accordingly, there is nothing in the totality of the disclosures in Eshraghi and Hunt that 
would in any way motivate their combination as proposed by the examiner. 

It is fundamental that a prima facie case of obviousness requires that there must be a motivation to 
modify the reference or combine the teachings to produce the claimed invention (M.P.E.P. § 2143.01). It 
has been shown hereinabove that the cited to Eshraghi and Hunt references do not in fact contain such 
motivation. Simply stated, there is no derivative basis for applicants' claimed invention in Eshraghi and 
Hunt. 

It therefore it is respectfully requested that the rejection of claims 1-3, 6-20, 22-27 and 29-30 be reversed 
by the Board. 

Ground of Rejection No. (2): the rejection of claim 21 under 35 U.S.C. § 103(a) as being obvious over 
Eshraghi in view of Hunt, and further in view of Imai 



Concerning the rejection of claim 21 on the basis of Eshraghi in view of Hunt in view of Imai, the further 
reference Imai has been cited for teaching of incorporating metal oxide materials in fuel cell membranes 
to improve wettability thereof. 

Such metal oxide membrane modification, however, even if imported into Eshraghi, does not alter the 
Examiner's concession that "[T]he reference [primary reference Eshraghi] does not teach the inner 
electrocatalyst layer comprising (a) a catalyst layer comprising a catalytic material in an amount of at 
least 90% by the total weight of the catalyst layer and (b) an interfacial composite layer comprising a 
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mixture of the catalytic material and the electrolyte medium," and the lack of any tenable basis for the 
combination of Eshraghi and Hunt. 

The Office has the initial burden of showing a pritna facie case of obviousness. In re Bell, 26 U.S.RQ.2d 
1529, 1530 (Fed. Cir. 1993). In order to properly establish a prima facie case of obviousness based on 
combination of several references, the Examiner must show a reason, suggestion, or motivation to lead an 
inventor to combine those references. Pro-Mold and Tool Co. K Great Lakes Plastics Inc., 37 USPQ2d 
1626, 1629 (Fed. Cir. 1996). No such "reason, suggestion, or motivation" has been shown for combining 
Eshraghi and Hunt (see discussion, supra, of Eshraghi and Hunt, relating to claim 1, from which claim 21 
is indirectly dependent), and there is resultingly no basis for rejection of claim 21. 

It therefore it is respectfully requested that the rejection of claim 21 be reversed by the Board. 

FEE PAYABLE FOR APPEAL BRIEF 

Enclosed with this Appeal Brief is a Credit Card Payment form, authorizing the Office to charge the fee 
of $250.00 identified in 37 C.F.R. § 1.17(c) for filing of an appeal brief, to the credit card specified in 
such Credit Card Payment form. Please charge any deficiency and credit any excess payment to Deposit 
Account No. 08-3284 of Intellectual Property/Technology Law. 

CONCLUSION 

The Board of Patent Appeals and Interferences is respectfully requested to reverse the decision of the 
Examiner finally rejecting claims 1-3, 6-27 and 29-30 of the instant application, consistent with the 
patentability of such claims over the art. 

Respectfully submitted, 



Steven J. Hultquist 
Reg. No. 28,021 
Attorney for Appellants 
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INTELLECTUAL PROPERTY/ 
TECHNOLOGY LAW 
P.O. Box 14329 

Research Triangle Park, NC 27709 
Telephone: (919)419-9350 
Fax: (919)419-9354 
Attorney File: 4172-117 



CLAIMS APPENDIX 



Appealed Claims 1-3, 6-27, and 29-30 are set out below, in the listing of pending claims 1-123 of the 
present application. 

Status of claims : 

Withdrawn claims: Claims 31-100 and 107-123 

Cancelled claims: 4, 5 and 28 

Objected claims: none 

Rejected claims: 1-3, 6-27, and 29-30 



1. (Previously presented) A microfibrous fuel cell structure characterized by an outer diameter in a 
range of from about 10 microns to about 10 millimeters, comprising: 

an inner current collector; 
an outer current collector; 

a hollow fibrous membrane separator comprising an electrolyte medium, said membrane 

separator being in electrical contact with both the inner and outer current collectors; 
an inner electrocatalyst layer in contact with said inner current collector and said hollow 

fibrous membrane separator; and 
an outer electrocatalyst layer in contact with said outer current collector and said hollow 
fibrous membrane separator, 
wherein both the inner and outer electrocatalyst layers are electrically conductive, wherein a 
lumen is provided between the inner electrocatalyst layer and the inner current collector, and 
wherein the inner electrocatalyst layer comprises: 

(a) a catalyst layer comprising a catalytic material in an amount of at least 90% by total 
weight of the catalyst layer; and 

(b) an interfacial composite layer comprising a mixture of said catalytic material and 
said electrolyte medium. 

2. (Previously presented) The microfibrous fuel cell structure of claim 1, wherein the outer 
electrocatalyst layer comprises a catalyst layer comprising a catalytic material in an amount of at 
least 90% by total weight of the catalyst layer and an interfacial composite layer comprising a 
mixture of said catalytic material and said electrolyte medium. 
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3. (Previously presented) The microfibrous fiiel cell structure of claim 1, wherein said catalyst layer 
comprises said catalytic material in an amount of at least 95% by total weight of the catalyst 
layer. 

4-5. (Cancelled). 

6. (Original) The microfibrous fuel cell structure of claim 1, wherein said electrolyte medium 
comprises at least one solid electrolyte material. 

7. (Original) The microfibrous fuel cell structure of claim 6, wherein said solid electrolyte material 
comprises an ion-exchange polymer selected from the group consisting of perflurocarbon- 
sulfonic-acid-based polymers, polysulfone-based polymers, perfluorocarboxylic-acid-based 
polymers, styrene-vinyl-benzene-sulfonic-acid-based polymers, and styrene-butadiene-based 
polymers. 

8. (Original) The microfibrous fiiel cell structure of claim 1, wherein said catalytic material 
comprises metal selected from the group consisting of platinum, gold, ruthenium, iridium, 
palladium, rhodium, nickel, iron, molybdenum, tungsten, niobium, and alloys thereof. 

9. (Original) The microfibrous fuel cell structure of claim 1, wherein said catalytic material 
comprises metal selected from the group consisting of platinum and platinum alloys. 

10. (Original) The microfibrous fiiel cell structure of claim 1, wherein said catalytic material 
comprises metal selected from the group consisting of platinum-ruthenium alloy, platinum- 
ruthenium-iron alloy, platinum-molybdenum alloy, platinum-chromium alloy, platinum-tin alloy, 
and platinum-nickel alloy. 

11. (Original) The microfibrous fuel cell structure of claim 1, wherein said catalytic material 
comprises particles of metal or metal alloy, having an average particle size in a range of from 
about 1 nm to about 100 nm. 

12. (Original) The microfibrous fuel cell structure of claim 1, wherein said catalyst layer is 
characterized by a catalytic surface area in a range of from about 1 mVg to about 200 mVg. 
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13. (Original) The niicrofibrous fuel cell structure of claim 1, wherein said catalyst layer is 
characterized by a catalytic surface area in a range of from about 10 mVg to about 100 mVg. 

14. (Original) The microfibrous fuel cell structure of claim 1, wherein said interfacial composite 
layer is characterized by a catalytic surface area in a range of from about 1 mVg to about 200 
mVg. 

15. (Original) The microfibrous fuel cell structure of claim 1, wherein said interfacial composite 
layer is characterized by a catalytic surface area in a range of from about 10 m^/g to about 100 
mVg. 

16. (Original) The microfibrous fuel cell structure of claim 1, wherein said catalyst layer is 
characterized by an electrical resistance in a range of from about 0.1 Q to about 1000 £2, 
measured over a distance of about 1 mm. 

17. (Original) The microfibrous fiiel cell structure of claim 1, wherein said catalyst layer is 
characterized by an electrical resistance in a range of from about 0. 1 Q to about 100 Q, measured 
over a distance of about 1 mm. 

18. (Original) The microfibrous fiiel cell structure of claim 1, wherein said interfacial composite 
layer is characterized by an electrical resistance in a range of from about 0.1 f2 to about 10,000 
Q, measured over a distance of about 1 nmi. 

19. (Original) The microfibrous fuel cell structure of claim 1, wherein said interfacial composite 
layer is characterized by an electrical resistance in a range of from about 1 Q to about 100 £2, 
measured over a distance of about 1 nmi. 

20. (Original) The microfibrous fuel cell structure of claim 6, wherein said hollow fibrous membrane 
separator further comprises at least one metal catalyst selected from the group consisting of 
platinum, gold, ruthenium, iridium, palladium, rhodium, and alloys thereof, at a concentration in 
a range of from about 0.1% to about 80% by total weight of the solid electrolyte material. 
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21. (Original) The microfibrous fiiel cell structure of claim 20, wherein said hollow fibrous 
membrane separator further comprises at least one metal oxide selected from the group 
consisting of silica, titania, alumina, zirconia, and stannic oxide, at a concentration in a range of 
from about 0. 1% to about 50% by total weight of the solid electrolyte material. 

22. (Original) A fuel cell assembly, comprising multiple microfibrous fuel cells bundled together, 
wherein at least one of said multiple microfibrous fuel cells is characterized by the microfibrous 
fuel cell structure of claim 1. 

23. (Original) The fuel cell assembly of claim 22, wherein said multiple microfibrous fuel cells are 
connected in parallel and/or in series. 

24. (Original) A fuel cell assembly, comprising multiple microfibrous fuel cells bundled together, 
wherein each of said multiple microfibrous fuel cells is characterized by the microfibrous fuel 
cell structure of claim 1. 

25. (Original) The fuel cell assembly of claim 24, wherein said multiple microfibrous fuel cells are 
connected in parallel and/or in series. 

26. (Original) A fuel cell assembly, comprising multiple microfibrous fiiel cells bundled together, 
wherein at least one of said multiple microfibrous fuel cells is characterized by the microfibrous 
fuel cell structure of claim 2. 

27. (Original) A fuel cell assembly, comprising multiple microfibrous fiiel cells bundled together, 
wherein at least one of said multiple microfibrous fuel cells is characterized by the microfibrous 
fuel cell structure of claim 3. 

28. (Cancelled). 

29. (Previously presented) A microfibrous fuel cell structure characterized by an outer diameter in a 
range of from about 10 microns to about 10 millimeters, comprising: 

an inner current collector; 
an outer current collector; 
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a hollow fibrous membrane separator comprising an electrolyte medium, said membrane 

separator being in electrical contact with both the inner and outer current collectors; 
an inner electrocatalyst layer in contact with said inner current collector and said hollow 

fibrous membrane separator; and 
an outer electrocatalyst layer in contact with said outer current collector and said hollow 
fibrous membrane separator, 
wherein both the inner and outer electrocatalyst layers are electrically conductive, wherein a 
lumen is provided between the inner electrocatalyst layer and the inner current collector, and 
wherein the inner electrocatalyst layer comprises: 

(a) a catalyst layer comprising a catalytic material in an amount of at least 90% by total 
weight of the catalyst layer; and 

(b) an interfacial composite layer conq)rising a mixture of said electrolyte medium and an 
electrically conductive material. 

30. (Original) A fuel cell assembly, comprising multiple microfibrous fiiel cells bundled together, 
wherein at least one of said multiple microfibrous ftiel cells is characterized by the microfibrous 
fuel cell structure of claim 29. 

3 1 . (Withdrawn) A method for forming a microfibrous fuel cell structure, conq)rising the steps of: 

(a) providing a microfibrous fuel cell precursor characterized by an outer diameter in a range 
of from about 10 microns to about 10 millimeters, wherein said microfibrous fuel cell 
precursor comprises an iimer current collector, an outer current collector, and a hollow 
fibrous membrane separator comprising an electrolyte medium, and wherein said hollow 
fibrous membrane separator is in electrical contact with both the inner and outer current 
collector; and 

(b) catalyzing said microfibrous fuel cell precursor, so as to form an inner electrocatalyst 
layer that is in contact with said inner current collector and said hollow fibrous 
membrane separator, and an outer electrocatalyst layer that is in contact with said outer 
current collector and said hollow fibrous membrane separator, wherein both the inner 
and outer electrocatalyst layers are electrically conductive, and wherein the inner 
electrocatalyst layer comprises: 

(i) a catalyst layer comprising a catalytic material in an amount of at least 90% by total 
weight of the catalyst layer; and 
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(ii) an interfacial composite layer comprising a mixture of said catalytic material and 
said electrolyte medium. 

32. (Withdrawn) The method of claim 31, wherein the inner and outer electrocatalyst layers are 
formed simultaneously. 

33. (Withdrawn) The method of claim 31, wherein the inner and outer electrocatalyst layers are 
formed sequentially. 

34. (Withdrawn) The method of claim 31, wherein at least one of the inner and outer electrocatalyst 
layers is formed by a catalyzation process selected from the group consisting of diffusion 
catalyzation, ion-exchange catalyzation, electrodeposition catalyzation, impregnation 
catalyzation, chemical deposition catalyzation, and alternating catalyst/electrolyte addition 
catalyzation. 

35. (Withdrawn) The method of claim 31, wherein both the inner and outer electrocatalyst layers are 
formed by a catalyzation process selected from the group consisting of diffusion catalyzation, 
ion-exchange catalyzation, electrodeposition catalyzation, impregnation catalyzation, chemical 
deposition catalyzation, and alternating catalyst/electrolyte addition catalyzation. 

36. (Withdrawn) The method of claim 31, wherein the inner and outer electrocatalyst layers are 
formed by two different catalyzation processes selected from the group consisting of diffusion 
catalyzation, ion-exchange catalyzation, electrodeposition catalyzation, impregnation 
catalyzation, chemical deposition catalyzation, and alternating catalyst/electrolyte addition 
catalyzation. 

37. (Withdrawn) The method of claim 31, wherein said interfacial composite layer is formed by a 
first catalyzation process, wherein said catalyst layer is formed by a second catalyzation process, 
wherein the first and the second catalyzation processes are selected from the group consisting of 
diffusion catalyzation, ion-exchange catalyzation, electrodeposition catalyzation, impregnation 
catalyzation, chemical deposition catalyzation, and alternating catalyst/electrolyte addition 
catalyzation, and wherein said first catalyzation process is different from said second 
catalyzation process. 
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38. (Withdrawn) The method of claim 31, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer is formed by diffusion catalyzation, said method 

comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 

separator; 

(b) flowing an electrocatalyst precursor solution through the bore side (or the shell side) of the 
microfibrous fuel cell precursor; 

(c) flowing, concurrently with step (b), a reducing medium through the shell side (or the bore 
side) of the microfibrous fuel cell precursor; and 

(d) adjusting processing conditions in such a manner that said reducing medium diffuses through 
the hollow fibrous membrane separator of the microfibrous fuel cell precursor to react with 
the electrocatalyst precursor solution, so as to deposit the catalytic material (1) on a surface 
of said hollow fibrous membrane separator at the bore side (or the shell side), forming the 
catalyst layer of said electrocatalyst layer, and (2) at a location that is inside the matrix of 
said hollow fibrous membrane separator in proximity to said surface at the bore side (or the 
shell side), forming the interfacial composite layer of said electrocatalyst layer. 

39. (Withdrawn) The method of claim 38. wherein the electrocatalyst precursor solution comprises at 
least one metal element selected from the group consisting of platinum, gold, ruthenium, iridium, 
palladium, rhodium, nickel, iron, molybdenum, tungsten, and niobiuoL 

40. (Withdrawn) The method of claim 39, wherein the electrocatalyst precursor comprises more than 
one noble metal element. 

41. (Withdrawn) The method of claim 38, wherein the electrocatalyst precursor solution comprises at 
least one noble metal salt selected from the group consisting of: HiPtCU, K2PtCl4, RuCl3»xH20, 
K2RUCI5, and K2RuCl5(NO). 

42. (Withdrawn) The method of claim 41, wherein the electrocatalyst precursor solution comprises 
two or more said noble metal salts. 

43. (Withdrawn) The method of claim 41, wherein said electrocatalyst precursor solution further 
comprises at least one organic solvent. 
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44. 



(Withdrawn) The method of claim 43, wherein said organic solvent includes a solvent selected 
from the group consisting of Ci-Cg alcohols. 



45. (Withdrawn) The method of claim 38, wherein the reducing medium comprises at least one 
reducing agent selected from the group consisting of: sodium borohydride, hydrazine, hydrogen, 
sodium thiosulfate, potassium thiosulfate, formaldehyde, formic acid, hypophosphites, amine 
boranes, hydroxylamine, acetaldehyde, hydroquinone, propionaldehyde, methyl magnesium 
chloride, lithium aluminum hydride, thiourea, and thioacetamide. 

46. (Withdrawn) The method of claim 31, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer is formed by diffusion catalyzation, said method 
comprising the steps of: 

(a) providing said microfibrous fiiel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) flowing an electrocatalyst precursor solution through the bore side (or the shell side) of the 
microfibrous fuel cell precursor; 

(c) flowing, concurrently with step (b), a reducing medium through the shell side (or the bore 
side) of the microfibrous fuel cell precursor; and 

(d) adjusting processing conditions in such a manner that said electrocatalyst precursor solution 
diffuses through the hollow fibrous membrane separator of the microfibrous fuel cell 
precursor to react with the reducing medium, so as to deposit the catalytic material (1) on a 
surface of said hollow fibrous membrane separator at the shell side (or the bore side), 
forming the catalyst layer of said electrocatalyst layer, and (2) at a location that is inside the 
matrix of said hollow fibrous membrane separator in proximity to said surface at the shell 
side (or the bore side), forming the interfacial composite layer of said electrocatalyst layer. 

47. (Withdrawn) The method of claim 46, wherein the electrocatalyst precursor solution comprises at 
least one metal element selected from the group consisting of platinum, gold, ruthenium, iridium, 
palladium, rhodium, nickel, iron, molybdenum, tungsten, and niobium. 

48. (Withdrawn) The method of claim 47, wherein the electrocatalyst precursor comprises more than 
one noble metal element. 
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49. (Withdrawn) The method of claim 46, wherein the electrocatalyst precursor solution comprises at 
least one noble metal salt selected from the group consisting of: H2PtCl6, KzPtCU, RuCb^xHaO, 
K2RUCI5, and KzRuCWNO). 

50. (Withdrawn) The method of claim 49, wherein the electrocatalyst precursor solution comprises 
two or more said noble metal salts. 

51. (Withdrawn) The method of claim 49, wherein said electrocatalyst precursor solution further 
comprises at least one organic solvent. 

52. (Withdrawn) The method of claim 51, wherein said organic solvent is selected from the group 
consisting of CpCg alcohols. 

53. (Withdrawn) The method of claim 46, wherein the reducing medium comprises at least one 
reducing agent selected from the group consisting of: sodium borohydride, hydrazine, hydrogen, 
sodium thiosulfate, potassium thiosulfate, formaldehyde, formic acid, hypophosphites, amine 
boranes, hydroxylamine, acetaldehyde, hydroquinone, propionaldehyde, methyl magnesium 
chloride, lithium aluminum hydride, thiourea, and thioacetamide. 

54. (Withdrawn) The method of claim 31, wherein the inner electrocatalyst layer con^)rises a first 
catalyst layer and a first interfacial composite layer, and wherein said inner electrocatalyst layer 
is formed by diffusion catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fiiel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) flowing an electrocatalyst precursor solution dirough the bore side of the microfibrous fuel 
cell precursor; 

(c) flowing, concurrently with step (b), a reducing medium through the shell side of the 
microfibrous fuel cell precursor; and 

(d) adjusting processing conditions in such a manner that said reducing medium diffuses through 
the hollow fibrous membrane separator of the microfibrous fuel cell precursor to react with 
the electrocatalyst precursor solution, so as to deposit the catalytic material (1) on a surface 
of said hollow fibrous membrane separator at the bore side, forming the first catalyst layer, 
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and (2) at a location that is inside the matrix of said hollow fibrous membrane separator in 
proximity to said surface at the bore side, forming the first interfacial composite layer. 

(Withdrawn) The method of claim 54, wherein the outer electrocatalyst layer comprises a second 
catalyst layer and a second interfacial composite layer, and wherein said outer electrocatalyst 
layer is formed by diffusion catalyzation, said method further comprising the steps of: 
(e) flowing the electrocatalyst precursor solution through the shell side of the microfibrous fuel 
cell precursor; 

(0 flowing, concurrently with step (e), the reducing medium through the bore side of the 
microfibrous fuel cell precursor; and 

(g) adjusting processing conditions in such a manner that said reducing medium diffuses through 
the hollow fibrous membrane separator of the microfibrous fuel cell precursor to react with 
the electrocatalyst precursor solution, so as to deposit the catalytic material (1) on a surface 
of said hollow fibrous membrane separator at the shell side, forming the second catalyst 
layer, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the shell side, forming the second interfacial 
composite layer. 

(Withdrawn) The method of claim 54, wherein the outer electrocatalyst layer comprises a second 
catalyst layer and a second interfacial composite layer, and wherein said outer electrocatalyst 
layer is formed by diffusion catalyzation, said method further comprising the step of: 
(e) alternating the processing conditions in such a manner that said electrocatalyst precursor 
solution diffuses through the hollow fibrous membrane separator of the microfibrous fuel 
cell precursor to react with the reducing medium, so as to deposit the catalytic material (1) on 
a surface of said hollow fibrous membrane separator at the shell side, forming the second 
catalyst layer, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the shell side, forming the second interfacial 
composite layer. 

(Withdrawn) The method of claim 31, wherein the inner electrocatalyst layer comprises a first 
catalyst layer and a first interfacial composite layer, and wherein said inner electrocatalyst layer 
is formed by diffusion catalyzation, said method comprising the steps of: 
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(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) flowing an electrocatalyst precursor solution through the shell side of the microfibrous fuel 
cell precursor; 

(c) flowing, concurrently with step (b), a reducing medium through the bore side of the 
microfibrous fuel cell precursor; and 

(d) adjusting processing conditions in such a manner that said electrocatalyst precursor solution 
diffuses through the hollow fibrous membrane separator of the microfibrous fuel cell 
precursor to react with the reducing medium, so as to deposit the catalytic material (1) on a 
surface of said hollow fibrous membrane separator at the bore side, forming the first catalyst 
layer, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the bore side, forming the first interfacial composite 
layer. 

58. (Withdrawn) The method of claim 57, wherein the outer electrocatalyst layer comprises a second 
catalyst layer and a second interfacial composite layer, and wherein said outer electrocatalyst 
layer is formed by diffusion catalyzation, said method further comprising the steps of: 

(e) flowing the electrocatalyst precursor solution through the bore side of the microfibrous fuel 
cell precursor; 

(f) flowing, concurrently with step (e), the reducing medium through the shell side of the 
microfibrous fuel cell precursor; and 

(g) adjusting processing conditions in such a manner that said electrocatalyst precursor solution 
diffuses through the hollow fibrous membrane separator of the microfibrous fuel cell 
precursor to react with the reducing medium, so as to deposit the catalytic material (1) on a 
surface of said hollow fibrous membrane separator at the shell side, forming the second 
catalyst layer, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the shell side, forming the second interfacial 
composite layer. 

59. (Withdrawn) The method of claim 57, wherein the outer electrocatalyst layer comprises a second 
catalyst layer and a second interfacial composite layer, and wherein said outer electrocatalyst 
layer is formed by diffusion catalyzation, said method further comprising the step of: 
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(e) alternating the processing conditions in such a manner that said reducing medium diffuses 
through the hollow fibrous membrane separator of the microfibrous fuel cell precursor to 
react with the electrocatalyst precursor solution, so as to deposit the catalytic material (1) on 
a surface of said hollow fibrous membrane separator at the shell side, forming the second 
catalyst layer, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the shell side, forming the second interfacial 
composite layer. 

60. (Withdrawn) The method of claim 31, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer is formed by ion-exchange catalyzation, said 
method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator, said hollow fibrous membrane separator comprising an ion exchange membrane; 

(b) circulating a metal ion-containing solution through either sides of the microfibrous fuel cell 
precursor for a sufficient period of time, so as to introduce metal ions into said ion exchange 
membrane; 

(c) circulating, subsequently to step (b), an electrocatalyst precursor solution through either side 
of the microfibrous fiiel cell precursor for a sufficient period of time, wherein said 
electrocatalyst precursor solution comprises noble metal ions, and wherein the noble metal 
ions exchange with the metal ions in said ion exchange membrane and become embedded in 
said ion exchange membrane; 

(d) flowing, subsequently to step (c), a reducing/exchanging medium through the bore side (or 
the shell side) of the microfibrous fuel cell precursor, wherein said reducing/exchanging 
medium releases and reduces the embedded noble metal ions, so as to deposit the catalytic 
material (1) on a surface of said hollow fibrous membrane separator at the bore side (or the 
shell side), forming the catalyst layer of said electrocatalyst layer, and (2) at a location that is 
inside the matrix of said hollow fibrous membrane separator in proximity to said surface at 
the bore side (or the shell side), forming the interfacial composite layer of said 
electrocatalyst layer. 

61. (Withdrawn) The method of claim 60, wherein the electrocatalyst precursor solution comprises 
ions of at least one metal selected from the group consisting of platinum, gold, ruthenium, 
iridium, palladium, rhodium, nickel, iron, molybdenum, tungsten, and niobium. 
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62. (Withdrawn) The method of claim 60, wherein the electrocatalyst precursor solution comprises 
platinum ions. 

63. (Withdrawn) The method of claim 62, wherein the electrocatalyst precursor solution comprises 

Pt(NH3)4Cl2. 

64. (Withdrawn) The method of claim 60, wherein said metal ion-exchanging solution comprises 
sodium ions. 

65. (Withdrawn) The method of claim 60, wherein said reducing/exchanging medium comprises ions 
for releasing the embedded noble metal ions by ion exchange, and a reducing agent for reducing 
the released noble metal ions. 

66. (Withdrawn) The method of claim 65, wherein the reducing agent is selected from the group 
consisting of: sodium borohydride, hydrazine, hydrogen, sodium thiosulfate, potassium 
thiosulfate, formaldehyde, formic acid, hypophosphites, amine boranes, hydroxylamine, 
acetaldehyde, hydroquinone, propionaldehyde, methyl magnesium chloride, lithium aluminum 
hydride, thiourea, and thioacetamide. 

67. (Withdrawn) The method of claim 31, wherein the inner electrocatalyst layer comprises a 
catalyst layer and an interfacial conq)osite layer, and wherein the inner electrocatalyst layer is 
formed by ion-exchange catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator, said hollow fibrous membrane separator comprising an ion exchange membrane; 

(b) circulating a metal ion-containing solution through either sides of the microfibrous fuel cell 
precursor for a sufficient period of time, so as to introduce metal ions into said ion exchange 
membrane; 

(c) circulating, subsequently to step (b), an electrocatalyst precursor solution through either side 
of the microfibrous fuel cell precursor for a sufficient period of time, wherein said 
electrocatalyst precursor solution comprises noble metal ions, and wherein the noble metal 
ions exchange with the metal ions in said ion exchange membrane and become embedded in 
said ion exchange membrane; 
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(d) flowing, subsequently to step (c), a reducing/exchanging medium through the bore side of the 
microfibrous fuel cell precursor, wherein said reducing/exchanging medium releases and 
reduces the embedded noble metal ions, so as to deposit the catalytic material (1) on a 
surface of said hollow fibrous membrane separator at the bore side, forming the catalyst layer 
of the inner electrocatalyst layer, and (2) at a location that is inside the matrix of said hollow 
fibrous membrane separator in proximity to said surface at the bore side, forming the 
interfacial composite layer of the inner electrocatalyst layer. 

68. (Withdrawn) The method of claim 31, wherein the outer electrocatalyst layer comprises a 
catalyst layer and an interfacial composite layer, and wherein the outer electrocatalyst layer is 
formed by ion-exchange catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator, said hollow fibrous membrane separator comprising an ion exchange membrane; 

(b) circulating a metal ion-containing solution through either sides of the microfibrous fuel cell 
precursor for a sufficient period of time, so as to introduce metal ions into said ion exchange 
membrane; 

(c) circulating, subsequently to step (b), an electrocatalyst precursor solution through either side 
of the microfibrous fuel cell precursor for a sufficient period of time, wherein said 
electrocatalyst precursor solution comprises noble metal ions, and wherein the noble metal 
ions exchange with the metal ions in said ion exchange membrane and become embedded in 
said ion exchange membrane; 

(d) flowing, subsequently to step (c), a reducing/exchanging medium through the shell side of 
the microfibrous fuel cell precursor, wherein said reducing/exchanging medium releases and 
reduces the embedded noble metal ions, so as to deposit the catalytic material (1) on a 
surface of said hollow fibrous membrane separator at the shell side, forming the catalyst 
layer of the outer electrocatalyst layer, and (2) at a location that is inside the matrix of said 
hollow fibrous membrane separator in proximity to said surface at the shell side, forming the 
interfacial composite layer of the outer electrocatalyst layer. 

69. (Withdrawn) The method of claim 31, wherein both the inner and outer electrocatalyst layers are 
formed by ion-exchange catalyzation. 



25 



70. (Withdrawn) The methcd of claim 31, wherein the inner electrocatalyst layer comprises a 
catalyst layer and an interfacial composite layer, and wherein said inner electrocatalyst layer is 
formed by electrodeposition catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fiiel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator, and wherein said hollow fibrous membrane separator is treated with a swelling 
agent; 

(b) flowing an electrocatalyst precursor solution through the bore side of the microfibrous fuel 
cell precursor, while providing an electrolyte solution on the shell side of said microfibrous 
fuel cell precursor; and 

(c) concurrently with step (b), connecting the inner current collector of the microfibrous fuel cell 
precursor with a negative terminal of an electrical energy source, and connecting the outer 
current collector of the microfibrous fuel cell precursor with a positive terminal of the 
electrical energy source, so as to electrically deposit the catalyst material from said 
electrocatalyst precursor solution, 

wherein a portion of said catalyst material is deposited on a surface of said hollow fibrous 

membrane separator at the bore side, in proximity to the inner current collector, forming the 

catalyst layer of the inner electrocatalyst layer, and 
wherein another portion of said catalyst material is integrated into the matrix of said membrane 

separator at a location in proximity to said surface at the bore side, forming the interfacial 

composite layer of the inner electrocatalyst layer. 

71. (Withdrawn) The method of claim 70, wherein the electrolyte solution on the shell side of the 
microfibrous fiiel cell precursor has the same composition as that of the electrocatalyst precursor 
solution. 

72. (Withdrawn) The method of claim 70, wherein the electrolyte solution on the shell side of the 
microfibrous fuel cell precursor comprises an acid. 

73. (Withdrawn) The method of claim 70, wherein the electrocatalyst precursor solution comprises at 
least one noble metal salt selected from the group consisting of: H2PtCl6, H3Pt(S03)OH, 
Pt(NH3)4Cl2, KjPtCU, RuCb-xHjO, K2RUCI5. and K2RuCl5(NO). 
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74. (Withdrawn) The method of claim 73, wherein the electrocatalyst precursor solution coiH)rises 
two or more said noble metal salts. 



75. (Withdrawn) The method of claim 70, wherein said swelling agent comprises at least one organic 
solvent. 

76. (Withdrawn) The method of claim 75, wherein said organic solvent is selected from the group 
consisting of Ci-Cg alcohols. 

77. (Withdrawn) The method of claim 31, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer is formed by impregnation catalyzation, said 
method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator, and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) applying a reducing medium to the hollow fibrous membrane separator, wherein at least a 
portion of the reducing medium is impregnated within said hollow fibrous membrane 
separator in proximity to the bore side (or the shell side) of said microfibrous fuel cell 
precursor; 

(c) contacting, subsequently to step (b), the hollow fibrous membrane separator with an 
electrocatalyst precursor solution, so that the electrocatalyst precursor solution reacts with 
the reducing medium and deposit catalytic material (1) on a surface of said hollow fibrous 
membrane separator at the bore side (or the shell side), forming the catalyst layer of said 
electrocatalyst layer, and (2) at a location that is inside the matrix of said hollow fibrous 
membrane separator in proximity to said surface at the bore side (or the shell side), forming 
the interfacial composite layer of said electrocatalyst layer. 

78. (Withdrawn) The method of claim 77, wherein the reducing medium comprises at least one 
reducing agent selected from the group consisting of: sodium borohydride, hydrazine, hydrogen, 
sodium thiosulfate, potassium thiosulfate, formaldehyde, formic acid, hypophosphites, amine 
boranes, hydroxylamine, acetaldehyde, hydroquinone, propionaldehyde, methyl magnesium 
chloride, lithium aluminum hydride, thiourea, and thioacetamide. 



79. (Withdrawn) The method of claim 78, wherein the reducing medium further comprises an 
organic solvent. 

80. (Withdrawn) The method of claim 79, wherein the organic solvent includes a solvent selected 
from the group consisting of Ci-Cg alcohols. 

81. (Withdrawn) The method of claim 77, wherein the electrocatalyst precursor solution comprises at 
least one metal element selected from the group consisting of platinum, gold, ruthenium, iridium, 
palladium, rhodium, nickel, iron, molybdenum, tungsten, and niobiunt 

82. (Withdrawn) The method of claim 81, wherein the electrocatalyst precursor comprises more than 
one metal element. 

83. (Withdrawn) The method of claim 77, wherein the electrocatalyst precursor solution comprises at 
least one noble metal salt selected from the group consisting of: H2PtCl6, K2PtCl4, RuCl3*xH20, 
K2RUCI5, and K2RuCl5(NO). 

84. (Withdrawn) The method of claim 83, wherein the electrocatalyst precursor solution comprises 
two or more said noble metal salts. 

85. (Withdrawn) The method of claim 31, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer is formed by chemical deposition catalyzation, 
said method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) flowing a mixture that comprises an electrocatalyst precursor solution and a reducing 
medium through the bore side (or the shell side) of the microfibrous fuel cell precursor; and 

(c) adjusting processing conditions in such a manner that the electrocatalyst precursor solution 
reacts with the reducing medium so as to deposit the catalytic material (1) on a surface of 
said hollow fibrous membrane separator at the bore side (or the shell side), forming the 
catalyst layer of said electrocatalyst layer, and (2) at a location that is inside the matrix of 
said hollow fibrous membrane separator in proximity to said surface at the bore side (or the 
shell side), forming the interfacial composite layer of said electrocatalyst layer. 
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86. (Withdrawn) The method of claim 85, wherein the electrocatalyst precursor solution comprises at 
least one metal element selected from the group consisting of platinum, gold, ruthenium, iridium, 
palladium, rhodium, nickel, iron, molybdenum, tungsten, and niobium. 

87. (Withdrawn) The method of claim 86, wherein the electrocatalyst precursor comprises more than 
one metal element. 

88. (Withdrawn) The method of claim 85, wherein the electrocatalyst precursor solution comprises at 
least one noble metal salt selected from the group consistmg of: HaPtCle, K2PtCl4, RuCl3«xH20, 
K2RUCI5, and K2RuCl5(NO). 

89. (Withdrawn) The method of claim 88, wherein the electrocatalyst precursor solution comprises 
two or more said noble metal salts. 

90. (Withdrawn) The method of claim 88, wherein said electrocatalyst precursor solution further 
comprises at least one organic solvent. 

91. (Withdrawn) The method of claim 90, wherein said organic solvent comprises a solvent selected 
from the group consisting of CpCg alcohols. 

92. (Withdrawn) The method of claim 85, wherein the reducing medium comprises at least one 
reducing agent selected from the group consisting of: sodium borohydride, hydrazine, hydrogen, 
sodium thiosulfate, potassium thiosulfate, formaldehyde, formic acid, hypophosphites, amine 
boranes, hydroxylamine, acetaldehyde, hydroquinone, propionaldehyde, methyl magnesium 
chloride, lithium aluminum hydride, thiourea, and thioacetamide. 

93. (Withdrawn) The method of claim 31, wherein the inner electrocatalyst layer comprises a 
catalyst layer and an interfacial composite layer, and wherein said inner electrocatalyst layer is 
formed by chemical deposition catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 
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(b) flowing a mixture that conq)rises an electrocatalyst precursor solution and a reducing 
medium through the bore side of the microfibrous fuel cell precursor; and 

(c) adjusting processing conditions in such a manner that the electrocatalyst precursor solution 
reacts with the reducing medium so as to deposit the catalytic material (1) on a surface of 
said hollow fibrous membrane separator at the bore side, forming the catalyst layer of the 
inner electrocatalyst layer, and (2) at a location that is inside the matrix of said hollow 
fibrous membrane separator in proximity to said surface at the bore side, forming the 
interfacial composite layer of the inner electrocatalyst layer. 

94. (Withdrawn) The method of claim 31, wherein the outer electrocatalyst layer comprises a 
catalyst layer and an interfacial composite layer, and wherein said outer electrocatalyst layer is 
formed by chemical deposition catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) flowing a mixture that comprises an electrocatalyst precursor solution and a reducing 
medium through the shell side of the microfibrous fuel cell precursor; and 

(c) adjusting processing conditions in such a manner that the electrocatalyst precursor solution 
reacts with the reducing medium so as to deposit the catalytic material (1) on a surface of 
said hollow fibrous membrane separator at the shell side, forming the catalyst layer of the 
outer electrocatalyst layer, and (2) at a location that is inside the matrix of said hollow 
fibrous membrane separator in proximity to said surface at the shell side, forming the 
interfacial composite layer of the outer electrocatalyst layer. 

95. (Withdrawn) The method of claim 31, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer is formed by alternating catalyst/electrolyte 
addition catalyzation, said method comprising the steps of: 

(a) providing said microfibrous fuel cell precursor, which has a bore side interior of the hollow 
fibrous membrane separator and a shell side exterior of the hollow fibrous membrane 
separator; 

(b) providing a catalyst composition comprising the catalytic material, and an electrolyte 
composition comprising the electrolyte medium; 

(c) applying a first layer of catalyst material onto a surface of said hollow fibrous membrane 
separator at the bore side (or the shell side), using the catalyst composition; 
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(d) applying a first layer of electrolyte medium onto said first layer of catalyst material, using the 
electrolyte composition; 

(e) treating said first layer of electrolyte medium in such manner that the electrolyte medium 
mixes with the catalytic material underneath, forming the interfacial composite layer of said 
electrocatalyst layer; and 

(f) applying a second layer of catalyst material onto said interfacial composite layer, forming the 
catalyst layer of said electrocatalyst layer. 

96. (Withdrawn) The method of claim 95, wherein said electrolyte medium conq)rises at least one 
solid electrolyte material. 

97. (Withdrawn) The method of claim 96, wherein said solid electrolyte material comprises an ion- 
exchange polymer selected from the group consisting of perflurocarbon-sulfonic-acid-based 
polymers, polysulfone-based polymers, perfluorocarboxylic-acid-based polymers, styrene-vinyl- 
benzene-sulfonic-acid-based polymers, and styrene-butadiene-based polymers. 

98. (Withdrawn) The method of claim 95, wherein said electrolyte composition contains said 
electrolyte medium at a concentration in a range of from about 0.1% to about 10% by total 
weight of said electrolyte composition. 

99. (Withdrawn) The method of claim 95, wherein said fu-st layer of electrolyte medium is dried and 
heat-treated at a temperature in a range of from about 25°C to about 150*'C. 

100. (Withdrawn) The method of claim 95, wherein said catalytic material comprises metal selected 
from the group consisting of platinum, gold, ruthenium, iridium, palladium, rhodium, nickel, 
iron, molybdenum, tungsten, niobium, and alloys thereof. 

101-106. (Cancelled). 

107. (Withdrawn) A method of forming a fuel cell assembly, comprising the steps of: 

(a) providing a fuel cell precursor assembly, wherein said fuel cell precursor assembly 
comprises a plurality of microfibrous fuel cell precursor units bundled together, wherein 
each microfibrous fuel cell precursor unit is characterized by an outer diameter in a range of 
from about 10 microns to about 10 millimeters and comprises an inner current collector, 
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optionally an outer current collector, and a hollow fibrous membrane separator conq)rising 
an electrolyte medium, wherein said hollow fibrous membrane separator is in electrical 
contact with both the inner and outer current collector; and 
(b) catalyzing said fuel cell precursor assembly, so as to form an inner electrocatalyst layer and 
an outer electrocatalyst layer for each microfibrous fuel cell precursor unit thereof, wherein 
said inner electrocatalyst layer is in contact with said inner current collector and said hollow 
fibrous membrane separator, wherein said outer electrocatalyst layer is in contact with said 
outer current collector and said hollow fibrous membrane separator, and wherein both the 
inner and outer electrocatalyst layers are electrically conductive, and wherein the inner 
electrocatalyst layer comprises: 

(i) a catalyst layer comprising a catalytic material in an amount of at least 90% by total 
weight of said catalyst layer; and 

(ii) an interfacial composite layer comprising a mixture of said catalytic material and said 
electrolyte medium. 

108. (Withdrawn) The method of claim 107, wherein the inner and outer electrocatalyst layers are 
formed simultaneously. 

109. (Withdrawn) The method of claim 107, wherein the inner and outer electrocatalyst layers are 
formed sequentially. 

110. (Withdrawn) The method of claim 107, wherein the inner electrocatalyst layer is formed by a 
catalyzation process selected from the group consisting of diffusion catalyzation, ion-exchange 
catalyzation, electrodeposition catalyzation, impregnation catalyzation, chemical deposition 
catalyzation, and alternating catalyst/electrolyte addition catalyzation. 

111. (Withdrawn) The method of claim 110, wherein the outer electrocatalyst layer is formed by a 
catalyzation process selected from the group consisting of diffusion catalyzation, ion-exchange 
catalyzation, impregnation catalyzation, chemical deposition catalyzation, and alternating 
catalyst/electrolyte addition catalyzation. 

112. (Withdrawn) The method of claim 111, wherein the inner and outer electrocatalyst layers are 
formed by two different catalyzation processes. 
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113. (Withdrawn) The method of claim 111, wherein the inner and outer electrocatalyst layers are 
formed by the same catalyzation process. 

114. (Withdrawn) The method of claim 107, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer of each microfibrous fuel cell precursor unit is 
formed by diffusion catalyzation, said method comprising the steps of: 

(a) providing said fuel cell precursor assembly, wherein each of said plurality of microfibrous 
fuel cell precursor units has a bore side interior of the hollow fibrous membrane separator 
and a shell side exterior of the hollow fibrous membrane separator; 

(b) sealing the bore sides of the microfibrous fuel cell precursor units from the shell sides of said 
microfibrous fuel cell precursor units; 

(c) flowing an electrocatalyst precursor solution through the bore sides (or the shell sides) of the 
microfibrous fuel cell precursor units; 

(d) flowing, concurrently with step (c), a reducing medium through the shell sides (or the bore 
sides) of the microfibrous fuel cell precursor units; and 

(e) adjusting processing conditions in such a manner that said reducing medium diffuses through 
the hollow fibrous membrane separator of each microfibrous fiiel cell precursor unit to react 
with the electrocatalyst precursor solution, so as to deposit the catalytic material (1) on a 
surface of said hollow fibrous membrane separator at the bore side (or the shell side), 
forming the catalyst layer of said electrocatalyst layer for each microfibrous fuel cell 
precursor unit, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the bore side (or the shell side), forming the 
interfacial composite layer of said electrocatalyst layer for each microfibrous fuel cell 
precursor unit. 

115. (Withdrawn) The method of claim 107, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer of each microfibrous fiiel cell precursor unit is 
formed by diffusion catalyzation, said method comprising the steps of: 

(a) providing said fuel cell precursor assembly, wherein each of said plurality of microfibrous 
fuel cell precursor units has a bore side interior of the hollow fibrous membrane separator 
and a shell side exterior of the hollow fibrous membrane separator; 

(b) sealing the bore sides of the microfibrous fuel cell precursor units from the shell sides of said 
microfibrous fuel cell precursor units; 
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(c) flowing an electrocatalyst precursor solution through the bores side (or the shell sides) of the 
microfibrous fiiel cell precursor units; 

(d) flowing, concurrently with step (c), a reducing medium through the shell sides (or the bore 
sides) of the microfibrous fuel cell precursor units; and 

(e) adjusting processing conditions in such a manner that said electrocatalyst precursor solution 
diffuses through the hollow fibrous membrane separator of each microfibrous fuel cell 
precursor unit to react with the reducing medium, so as to deposit the catalytic material (1) 
on a surface of said hollow fibrous membrane separator at the shell side (or the bore side), 
forming the catalyst layer of said electrocatalyst layer for each microfibrous fiiel cell 
precursor unit, and (2) at a location that is inside the matrix of said hollow fibrous membrane 
separator in proximity to said surface at the shell side (or the bore side), forming the 
interfacial composite layer of said electrocatalyst layer for each microfibrous fuel cell 
precursor unit. 

116. (Withdrawn) The method of claim 107, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer of each microfibrous fuel cell precursor unit is 
formed by ion-exchange catalyzation, said method comprising the steps of: 

(a) providing said fiiel cell precursor assembly, wherein each of said plurality of microfibrous 
fuel cell precursor units has a bore side interior of the hollow fibrous membrane separator 
and a shell side exterior of the hollow fibrous membrane separator, and wherein said hollow 
fibrous membrane separator of each microfibrous fuel cell precursor unit comprises an ion 
exchange membrane; 

(b) sealing the bore sides of the microfibrous fuel cell precursor units from the shell sides of said 
microfibrous fuel cell precursor units; 

(c) circulating a metal ion-containing solution through either sides of the microfibrous fuel cell 
precursor units for a sufficient period of time, so as to introduce metal ions into the ion 
exchange membrane of each microfibrous fuel cell precursor unit; 

(d) circulating, subsequently to step (c), an electrocatalyst precursor solution through either side 
of the microfibrous fuel cell precursor units for a sufficient period of time, wherein said 
electrocatalyst precursor solution comprises noble metal ions, and wherein the noble metal 
ions exchange with the metal ions in the ion exchange membranes and become embedded in 
the ion exchange membranes; 

(e) flowing, subsequently to step (d), a reducing/exchanging medium through the bore sides (or 
the shell sides) of the microfibrous fuel cell precursor units, wherein said 
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reducing/exchanging medium releases and reduces the embedded noble metal ions, so as to 
deposit the catalytic material (1) on a surface of said hollow fibrous membrane separator at 
the bore side (or the shell side), forming the catalyst layer of said electrocatalyst layer for 
each microfibrous fuel cell precursor unit, and (2) at a location that is inside the matrix of 
said hollow fibrous membrane separator in proximity to said surface at the bore side (or the 
shell side), forming the interfacial composite layer of said electrocatalyst layer for each 
microfibrous fuel cell precursor unit. 

117. (Withdrawn) The method of claim 107, wherein the inner electrocatalyst layer of each 
microfibrous fuel cell precursor unit comprises a catalyst layer and an interfacial composite 
layer, and wherein said inner electrocatalyst layer is formed by electrodeposition catalyzation, 
said method comprising the steps of: 

(a) providing said fuel cell precursor assembly, wherein each of said plurality of microfibrous 
fuel cell precursor units has a bore side interior of the hollow fibrous membrane separator 
and a shell side exterior of the hollow fibrous membrane separator, and wherein said hollow 
fibrous membrane separator of each microfibrous fuel cell precursor unit is treated with a 
swelling agent; 

(b) sealing the bore sides of the microfibrous fiiel cell precursor units from the shell sides of said 
microfibrous fiiel cell precursor units; 

(c) flowing an electrocatalyst precursor solution through the bore sides of the microfibrous fiiel 
cell precursor units, while providing an electrolyte solution at the shell sides of the 
microfibrous fuel cell precursor units; and 

(d) concurrently with step (c), connecting the inner current collectors of the microfibrous fuel 
cell precursor units with a negative terminal of an electrical energy source, and connecting 
the outer current collectors of the microfibrous fuel cell precursor units with a positive 
terminal of the electrical energy source, so as to electrically deposit the catalyst material 
from said electrocatalyst precursor solution, 

wherein a portion of said catalyst material is deposited on a surface of the hollow fibrous 
membrane separator at the bore side of each microfibrous fuel cell precursor unit, in 
proximity to the inner current collector, forming the catalyst layer of the inner electrocatalyst 
layer for each microfibrous fuel cell precursor unit, and 

wherein another portion of said catalyst material is integrated into the matrix of said membrane 
separator at a location in proximity to said surface at the bore side of each microfibrous fuel 
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cell precursor unit, forming the interfacial composite layer of the inner electrocatalyst layer 
for each microfibrous fuel cell precursor unit. 

118. (Withdrawn) The method of claim 107, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer of each microfibrous fuel cell precursor unit is 
formed by impregnation catalyzation, said method comprising the steps of: 

(a) providing said fiiel cell precursor assembly, which each of said plurality of microfibrous fuel 
cell precursor units has a bore side interior of the hollow fibrous membrane separator, and a 
shell side exterior of the hollow fibrous membrane separator; 

(b) sealing the bore sides of the microfibrous fuel cell precursor units from the shell sides of said 
microfibrous fuel cell precursor units; 

(c) applying a reducing medium to the hollow fibrous membrane separator of each microfibrous 
fuel cell precursor unit, wherein at least a portion of the reducing medium is impregnated 
within said hollow fibrous membrane separator in proximity to the bore side (or the shell 
side) of each said microfibrous fuel cell precursor unit; 

(d) contacting, subsequently to step (c), the hollow fibrous membrane separator with an 
electrocatalyst precursor solution, so that the electrocatalyst precursor solution reacts with 
the reducing medium and deposit catalytic material (1) on a surface of said hollow fibrous 
membrane separator at the bore side (or the shell side), forming the catalyst layer of said 
electrocatalyst layer for each microfibrous fiiel cell precursor unit, and (2) at a location that 
is inside the matrix of said hollow fibrous membrane separator in proximity to said surface at 
the bore side (or the shell side), forming the interfacial composite layer of said 
electrocatalyst layer for each microfibrous fiiel cell precursor unit. 

119. (Withdrawn) The method of claim 107, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer of each microfibrous fuel cell precursor unit is 
formed by chemical deposition catalyzation, said method comprising the steps of: 

(a) providing said fuel cell precursor assembly, wherein each of said plurality of microfibrous 
fuel cell precursor units has a bore side interior of the hollow fibrous membrane separator 
and a shell side exterior of the hollow fibrous membrane separator; 

(b) sealing the bore sides of the microfibrous fuel cell precursor units from the shell sides of said 
microfibrous fuel cell precursor units; 
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(c) flowing a mixture that comprises an electrocatalyst precursor solution and a reducing 
medium through the bore sides (or the shell sides) of the microflbrous fiiel cell precursor 
units; and 

(d) adjusting processing conditions in such a manner that the electrocatalyst precursor solution 
reacts with the reducing medium so as to deposit the catalytic material (1) on a surface of the 
hollow fibrous membrane separator at the bore side (or the shell side), forming the catalyst 
layer of said electrocatalyst layer for each microfibrous fuel cell precursor unit, and (2) at a 
location that is inside the matrix of said hollow fibrous membrane separator in proximity to 
said surface at the bore side (or the shell side), forming the interfacial composite layer of said 
electrocatalyst layer for each microfibrous fuel cell precursor unit. 

120. (Withdrawn) The method of claim 107, wherein said electrocatalyst layer that comprises the 
catalyst layer and the interfacial composite layer of each microfibrous fuel cell precursor unit is 
formed by alternating catalyst/electrolyte addition catalyzation, said method comprising the steps 
of: 

(a) providing said fuel cell precursor assembly, wherein each of said plurality of microfibrous 
fiiel cell precursor units has a bore side interior of the hollow fibrous membrane separator 
and a shell side exterior of the hollow fibrous membrane separator; 

(b) sealing the bore sides of the microfibrous fuel cell precursor units from the shell sides of said 
microfibrous fuel cell precursor units; 

(c) providing a catalyst composition comprising the catalytic material, and an electrolyte 
composition comprising the electrolyte medium; 

(d) applying a first layer of catalyst material onto a surface of the hollow fibrous membrane 
separator at the bore side (or the shell side) for each microfibrous fuel cell precursor unit, 
using the catalyst composition; 

(e) applying a first layer of electrolyte medium onto said first layer of catalyst material for each 
microfibrous fuel cell precursor unit, using the electrolyte composition; 

(f) treating said first layer of electrolyte medium in such manner that the electrolyte medium 
mixes with the catalytic material underneath, forming the interfacial composite layer of said 
electrocatalyst layer for each microfibrous fuel cell precursor unit; and 

(g) applying a second layer of catalyst material onto said interfacial composite layer, forming the 
catalyst layer of said electrocatalyst layer for each microfibrous fuel cell precursor unit. 

121. (Withdrawn) A method of forming a fuel cell assembly, comprising the steps of: 
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(a) providing a plurality of microfibrous fuel cell precursor units, wherein each microfibrous 
fuel cell precursor unit is characterized by an outer diameter in a range of from about 10 
microns to about 10 millimeters and comprises an inner current collector, optionally an outer 
current collector, and a hollow fibrous membrane separator comprising an electrolyte 
medium, wherein said hollow fibrous membrane separator is in electrical contact with both 
the inner and outer current collector; and 

(b) catalyzing each of said microfibrous fuel cell precursor units, so as to form an outer 
electrocatalyst layer for each microfibrous fuel cell precursor unit, wherein said outer 
electrocatalyst layer is in contact with the outer current collector and the hollow fibrous 
membrane separator; 

(c) bundling said plurality of microfibrous fiiel cell precursor units together so as to form a fuel 
cell precursor assembly; and 

(d) catalyzing said fuel cell precursor assembly, so as to form an iimer electrocatalyst layer for 
each microfibrous fuel cell precursor unit, wherein said inner electrocatalyst layer is in 
contact with the inner current collector and the hollow fibrous membrane separator, 

wherein both the inner and outer electrocatalyst layers are electrically conductive, and wherein 
the inner electrocatalyst layer comprises: 

(i) a catalyst layer comprising a catalytic material in an amount of at least 90% by total 
weight of said catalyst layer; and 

(ii) an interfacial composite layer comprising a mixture of said catalytic material and said 
electrolyte medium. 

122. (Withdrawn) The method of claim 121, wherein said outer electrocatalyst layers of the 
microfibrous fuel cell precursor units are formed by a catalyzation process selected from the 
group consisting of diffusion catalyzation, ion-exchange catalyzation, impregnation catalyzation, 
chemical deposition catalyzation, and alternating catalyst/electrolyte addition catalyzation. 

123. (Withdrawn) The method of claim 122, wherein said inner electrocatalyst layers of the 
microfibrous fuel cell precursor units are formed by a catalyzation process selected from the 
group consisting of diffusion catalyzation, ion-exchange catalyzation, electrodeposition 
catalyzation, impregnation catalyzation, chemical deposition catalyzation, and alternating 
catalyst/electrolyte addition catalyzation. 
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Sir: 

This is an appeal under 35 U.S.C. §134 from the Final Rejection in the Office Action dated June 30, 
2004 Office Action, of claims 39-51, 53-56, 63, 71, 73. 74, 80, and 82 of U.S. Patent Application No. 
10/007,613. 



REAL PARTY IN INTEREST 



The real party in interest in this appeal is BioResource International, Inc., the owner of the invention and 
patent rights of this application, by virtue of an Assignment of U.S. Patent Application No. 10/007,613 
recorded in the assignment records of the U.S. Patent and Trademark Office on October 26, 2001 at reel 
012366, frame 0566 (3 pages), 

RELATED APPEALS AND INTERFERENCES 

There are no other appeals or interferences known to Appellant, the Appellant's legal representative, or 
assignee, which will directly effect or be directly affected by or have a bearing on the Board's decision in 
this appeal. 

STATUS OF CLAIMS 

A complete listing of claims 1-83 of the present application is attached in Claim Appendix h erewith. 

Withdrawn claims: 1-38, 68-69 and 75-79 
Cancelled claims: 52, 57-61, 64-67, 70, 72, 81, 83 
Objected claims: 39-51, 53-56, 63, 71, 73, 74, 80 and 82 
Rejected claims: 39-51, 53-56, 63, 71, 73, 74, 80, and 82 

Claims 39-51, 53-56, 63, 71, 73, 74, 80, and 82 have been finally rejected under 35 U.S.C. §103(a) by the 
Examiner in the June 30, 2004 Office Action, and such rejected claims are the subject of this appeal. 

IDENTIFICATION OF CLAIMS BEING APPEALED 

Claims 39-51, 53-56, 63, 71, 73, 74, 80 and 82 are being appealed herein. 



EXPLANATION OF THE INVENTION 

The claimed invention of the present application broadly relates to systems and methods for disinfecting 
and sterilizing medical devices and like articles that are susceptible to contamination by infectious prion 
proteins, by combining thermal treatment and enzymatic degradation. 
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Specifically, the treated articles are heated to an elevated temperature and exposed to a proteolytic 
enzyme, either successively at two different durations or simultaneously. 

The thermal treatment functions to render the infective prion protein proteolytically susceptible. The 
temperature for conducting such thermal treatment is below the pyrolytic destruction temperature of the 
infective prion protein, and preferably at least 40°C but not more than 150°C. 

The enzymatic degradation uses a thermally stable proteolytic enzyme, such as keratinase or subtilisin, 
for reducing or degrading the infective prion protein, which has been rendered proteolytically susceptible 
by the thermal treatment. The temperature for conducting such enzymatic degradation is preferably from 
about 50°C to about 65°C. 

Independent claim 39 r ecites a system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein; (Page 4, lines 15- 
21; page 5, lines 1-19) 

(b) means for heating said articles (no specific heating system described); 

(c) a proteolytic enzyme selected from the group consisting of keratinases and subtilisins (Page 6, 
lines 8-21) and 

(d) means for exposing said articles to said proteolytic enzyme (page 7, lines 1-2 and page 14, Table 
1), wherein said one or more articles are characterized by a first elevated temperature of at least 40°C 
and not more than about ISO^C during a first duration (page 11, lines 1-4), wherein said articles are 
characterized by a second elevated temperature in a range of from about 50®C to about 65°C (page 6, 
lines 6)exposure to said proteolytic enzyme during a second, subsequent duration. 

Independent claim 56 recites a system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein (page 4, lines 15-21; 
page 5, lines 1-19; page 11, lines 5-16); 

(b) means for heating said one or more articles (no specific heating device included); 

(c) a proteolytic enzyme selected from the group consisting of keratinases and subtilisins (page 6, 
lines 8-21); and 

(d) means for exposing said articles to said proteolytic enzyme (page 7, lines 1-2 and page 14, Table 
1), wherein said one or more articles are characterized by an elevated temperature of from about 
40*'C to about 60°C and exposure to said proteolytic enzyme (page 15, lines 16-17) 
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Independpent claim 71 r ecites a system con^rising 

(a) a surgical instrument contaminated with infective prior protein (page 4, lines 15-21); 

(b) means for heating the surgical instrument (no specific means included); 

(c) a proteolytic enzyme (page 12, lines 18-21 and page 13, lines 1-2) that is thermally stable at a 
temperature in a range of from about 35^C to about 100°C and proteolytically effective to at least 
partially destroy the infective prion protein contaminating said surgical instrument (page 6, line 4, 
and page 12, lines 10-12); 

(d) means for exposing the surgical instrument to the proteolytic enzyme (page 7, lines 1-2 and page 
14, Table 1), wherein said surgical instrument is characterized by a first elevated temperature in a 
range of from about 100°C to about ISO'^C during a first duration (page 11. line 3), and wherein said 
surgical instrument is characterized by a second elevated temperature in a range of from about 35'^C 
to about 100°C and exposure to said proteolytic enzyme during a second, subsequent duration (page 
6,line 4). 

Independent claim 80 recites a system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein (page 4, lines 15*21 
and page 5, lines 1-19); 

(b) means for heating said articles (no specific heating means); 

(c) Bacillus licheniformis PWD-1 keratinase (page 13, lines 3-4); and 

(d) means for exposing the heated articles to the Bacillus licheniformis PWD-1 keratinase (page 7, 
lines 1-2 and page 14, Table 1), wherein said articles are characterized by a first elevated 
temperature of at least A&'C and not more than about 150''C during a first duration (page 10, line 21 
and page 11, lines 1-2), and wherein said articles are characterized by a second elevated temperature 
in a range of from about 50°C to about 65*^0 and exposure to the Bacillus licheniformis PWD-1 
keradnase during a second, subsequent duration (page 6, lines 3 and 6). 

Independent claim 82 r ecites a system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein (page 4, lines 15-21, 
page 5, lines 1-19 and page 11, lines 5-16); 

(b) means for heating said articles (no specific heating device or system included); 

(c) Bacillus licheniformis PWD-1 keratinase (page 13, lines 3-4); and 

(d) means for exposing the articles to Bacillus lichenifortnis PWD-1 keratinase (page 7, lines 1-2 and 
page 14, Table 1), wherein said articles are characterized by an elevated temperature of from about 
40°C to about 60°C and exposure to the Bacillus licheniformis PWD-1 keratinase( page 15, lines 16- 
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17). 



REFERENCES 

The following references (copies of publications, not US Patents, in Evidence Appendix) were cited 
under 35 U.S.C. § 103(a) in the June 30, 2004 Office Action finally rejecting the pending claims 39-51, 
53-56, 63, 71, 73, 74, 80, and 82: 

(a) WHO Infection Control Guidelines for Transmissible Spongiform Encephalopathies: Report 
of a WHO Consultation. WORLD HEALTH ORGANIZATION (WHO), March 23-26, 1999 
(hereinafter "WHO Document"); 

(b) Huth et al. U.S. Patent No. 6,448,062 (hereinafter "Huth"); 

(c) Vlass et al. U.S. Patent No. 6,210,639 (hereinafter "Vlass"); 

(d) Potgeiter et al. U.S. Statutory Invention Registration No. Hl,818 (hereinafter "Potgeiter"); 

(e) Shih U.S. Patent No. 5,171,682 (hereinafter "Shih"); 

(f) Bolton et al.. Molecular Characteristics of the Major Scrapie Prion Protein (hereinafter 
"Bolton"); and 

(g) Oesch et al. Properties of the Scrapie Prion Protein: Ouantitative Analysis of Protease 
Resistance (hereinafter "Oesch"). 

GROUND OF REJECTIONS 

Claims 39-51, 53-56, 63, 71, 73, 74, 80, and 82 stand rejected under 35 U.S.C. § 103(a) as being obvious 
over the WHO Document as the primary reference, in view of numerous secondary references including 
Huth, Vlass, Potgeiter, Shih, Bolton, and Oesch. 

This rejection is traversed because the Examiner failed to establish a prima facie case of obviousness to 
support such rejection. 

The Office has the initial burden of showing a yrima facie case of obviousness . In re Bell, 26 U.S.P.Q.2d 
1529, 1530 (Fed. Cir. 1993). In order to properly establish a prima facie case of obviousness based on 
combination of several references, the Examiner must show a reason, suggestion, or motivation to lead an 
inventor to combine those references. Pro-Mold and Tool Co. K Great Lakes Plastics Inc., 37 USPQ2d 
1626, 1629 (Fed. Cir. 1996). 
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The representative claim 39 expressly requires: 
"A system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein ; 

(b) means for heating said articles : 

(c) a proteolytic enzyme selected from the group consisting of keratinases and subtiiisins : 

and 

(d) means for exposing said articles to said proteolytic enzyme , 

wherein said one or more articles are characterized by a first elevated temperature of at least 
40°C and not more than about 150^C during a first duration, wherein said articles are 
characterized by a second elevated temperature in a range of from about 50°C to about 
65°C and exposure to said proteolytic enzyme during a second, subsequent duration ." 

The language of claim 39 expressly requires that the prion-contaminated articles be " characterized by a 
second elevated temperature in a range of fi-om about 50°C to about 65°C and exposure to said 
proteolytic enzyme during a second, subsequent duration ." 

Such express requirement in claim 39 further imposes an implicit structural limitation . Such system 
must provide a specific arrangement of the recited elements. i.e,, the articles, the heating means, the 
proteolytic enzyme, and the exposing means, to enable simultaneous heating and enzymatic 
digestion of the prion-contaminated articles, so that the articles can be characterized by a second 
elevated temperature in a range of from about 50^C to about 65°C and exposure to the proteolytic 
enzyme during a second, subsequent duration, as required by claim 39. 

The cited references, either taken singularly or in combination, do not provide any derivative basis 
for such specific arrangement of articles, heating means, proteolytic enzyme, and exposing means, 
to allow the prion-contaminated articles to be characterized by a second elevated temperature in a 
range of from about 50°C to about 65''C and exposure to the proteolytic enzyme during a second, 
subsequent duration , as expressly required by claim 39. 

The primary reference cited by the Examiner, i.e., the WHO document, discloses sterilization of prion- 
contaminated surgical instruments by boiling or autoclaving with sodium hydroxide or sodium 
hypochlorite, followed by subsequent routine sterilization (see page 29, Appendix IE, section 2 of the 
WTO document). 
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The Examiner conceded that the WHO Document does not teach usage of proteolytic enzyme for treating 
prion-contaminated articles, but attempted to remedy such deficiency of the WHO Document by 
combining teachings by various secondary references including Huth, Vlass, Potgeiter, Shih, Bolton, 
and/or Oesch about the use of proteolytic enzyme. 

However, such hypothetical combination proposed by the Examiner only yields a system containing a 
mere aggregate of articles, heating means, proteolytic enzyme and exposing means, but it does not 
provide any derivative basis for a specific arrangement of such elements that enables simultaneous 
heating and enzyme exposure of the prion-contaminated articles in such manner that such articles are 
characterized by a second elevated temperature in. a range of from about 50°C to about 65°C and 
exposure to the proteolytic enzyme during a second, subsequent duration, as expressly required by claim 
39 of the present application. In fact, none of the secondary references acknowledges, or even 
recognizes, the advantages of arranging the articles, the heating means, the proteolytic enzyme and the 
exposing means for simultaneous heating and enzyme exposure to allow the articles to be at an elevated 
temperature in a range of from about SO^'C to about 65*^C during exposure to a proteolytic enzyme. 

In the September 22, 2004 Advisory Action, the Examiner asserted that claim 39 of the present 
application does not structurally distinguish over the cited prior art references, on the basis that there are 
no teachings demonstrating that the system suggested by the combination of the cited prior art references 
would not be capable of performing the functions of simultaneous heating and enzyme exposure. 

However, it is clear that a specific arrangement of articles, heating elements, proteolytic enzyme, and 
exposing means is necessary for a system to perform the functions of simultaneous heating and exposing 
the articles to the proteolytic enzyme. 

The system suggested by the combination of the cited prior art reference does not have such 
specific arrangement of articles^ heating elements, proteolytic enzyme, and exposing means . 
Therefore, such prior art system is incapable of performing the functions of simultaneous heating and 
enzyme exposure. 

Further, it has been well-established that when the claimed invention contains functional limitations not 
suggested by the prior art reference, the mere fact that the prior art could be so modified to perform 
such functions would not have made the modification obvious, unless the prior art suggested the 
desirability of the modification . See In re Gordon, 733 F.2d 900, 902, 221 UPSQ 1125, 1127 (Fed. 
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Cir. 1984); see also In re Mills, 16 USPQ2(i 1430 (CAFC 1990). 



In this case, nothing in the cited references suggests the desirability of modifying the prior art system and 
re-arranging the prion-contaminated articles, the heating elements, the proteolytic enzyme, and the 
exposing means so as to allow simultaneous heating and enzyme exposure of the articles so that such 
articles are at elevated temperature in a range of from about SO^'C to about 65*'C during exposure to a 
proteolytic enzyme. 

Therefore, claims 39-51, 53-56, 63, 71, 73, 74, 80, and 82 of the present application patentably 
distinguish over all cited references. 

It therefore is respectfully requested that the Board take cognizance of the absence of any proper basis of 
the §103 rejection of claim 39, as representative of appealed claims 39-51, 53-56, 63, 71, 73, 74, 80, and 
82, and correspondingly reverse the Examiner's rejection of such claims. 

CONCLUSION 

Based on the foregoing arguments and cited legal precedent, it is respectfully requested that the Board of 
Patent Appeals and Interferences reverse the decision of the Examiner finally rejecting claims 39-51, 53- 
56, 63, 71, 73, 74, 80, and 82 now pending in the application, consistent with the patentability of such 
claims over the cited art references. 

No oral hearing is requested. 

Enclosed with this appeal brief is a Credit Card Payment form, authorizing the Office to charge the office 
fee in the amount of $250.00 under 37 C.F.R. § 1.17(c) to the credit card specified therein. Please charge 
any deficiency and credit any excess payment to Deposit Account No. 08-3284 of Intellectual 
Property/Technology Law. 

Respectfully submitted. 



Marianne Fuierer 
Reg. No. 39,983 
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Attorney for Appellant 



INTELLECTUAL PROPERTY/ 
TECHNOLOGY LAW 
Telephone: (919)419-9350 
Fax: (919)419-9354 
Attorney FUe: 4171-102 CIP 
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CLAIM APPENDIX 

Appeal Claims 39>51, 53-56. 63, 71, 73, 14. 80. and 82 in a Listing of Claims 1-83 



(Withdrawn) A method of disinfecting article(s) that are susceptible to contamination by 
infectious prion protein, the method comprising the steps of: 

(a) heating said article(s) to a sufficient temperature and for sufficient time to enhance the 
proteolytic susceptibility of infective prion protein associated with said article(s); and 

(b) exposing the heated article(s) to a proteolytic enzyme that is effective for at least partial 
reduction of the infective protein prion associated with said article(s). 

(Withdrawn) The method of claim 1, wherein said articles comprise surgical instruments. 

(Withdrawn) The method of claim 2, wherein said surgical instrument(s) are selected fi-om the 
group consisting of: clamps, forceps, scissors, knives, cables, punches, tweezers, cannulae, 
calipers, carvers, curettes, scalers, dilators, clip applicators, retractors, contractors, excavators, 
needle holders, suction tubes, trocars, coagulation electrodes, electroencephalographic depth 
electrodes, rib and sternum spreaders, bipolar probes, and rib shears. 

(Withdrawn) The method of claim 1, wherein said article(s) comprise cutleries and kitchen 
utensils. 

(Withdrawn) The method of claim 4, wherein said cutleries and kitchen utensils are selected 
from the group consisting of: knives, forks, scissors, peelers, parers, slicers, spatulas, and 

cleavers. 

(Withdrawn) The method of claim 1, wherein said article(s) comprise laboratory apparatus(es). 
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7. (Withdrawn) The method of claim 6, wherein said laboratory apparatus(es) are selected from the 
group consisting of: containers, filtration devices, centrifuges, spectrophotometers, and 
fluorometers. 

8. (Withdrawn) The method of claim 1, wherein said article(s) comprise veterinary devices. 

9. (Withdrawn) The method of claim 8, wherein said veterinary devices are selected from the group 
consisting of clamps, forceps, knives, saws, probes, and electronic stun equipment. 

10. (Withdrawn) The method of claim 1, wherein the temperature in step (a) conq)rises a temperature 
not exceeding about l5(fC. 

11. (Withdrawn) The method of claim 1, wherein the temperature in step (a) comprises a temperature 
of at least 35^C. 

12. (Withdrawn) The method of claim 1, wherein the temperature in step (a) comprises a temperature 
below about 150**C. 

13. (Withdrawn) The method of claim 1, wherein the temperature in step (a) comprises a temperature 
in a range of from about lOO^'C to about 150°C. 

14. (Withdrawn) The method of claim 1, wherein the temperature in step (a) comprises a temperature 
in a range of from about 125°C to about UO^C. 

15. (Withdrawn) The method of claim 1, wherein step (b) is conducted at lower temperature than 
step (a). 

16. (Withdrawn) The method of claim 1, wherein step (b) is carried out at temperature above about 
40°C. 



17. (Withdrawn) The method of claim 1, wherein step (b) is carried out at tenq)erature above about 
50^C. 

18. (Withdrawn) The method of claim 1, wherein step (b) is carried out at temperature in a range of 
from about 35^C to about IS^'C. 

19. (Withdrawn) The method of claim 1, wherein step (b) is carried out at temperature in a range of 
from about 40*^C to about 75°C. 

20. (Withdrawn) The method of claim 1, wherein step (b) is carried out at temperature in a range of 
from about 5(^0 to about 65*^0. 

21. (Withdrawn) The method of claim 1, wherein the proteolytic enzyme conq}rises at least one 
enzyme selected from the group consisting of keratinase enzymes, proteinase K, trypsins, 
chymotrypsins, pepsins, chymosins, cathepsins, subtilisins» elastases, collagenases, 
endopeptidases, peptidases, oligopeptidease, thermolysins, bacillolysin, mycilysins, 
carboxypeptidases, leucyl aminopeptidases, aminopeptidases, extremthermophilic proteases, 
carbonyl hydrolase, papain, pancreatin, streptokinase, streptodomase, ficin, carboxypeptidase, 
chymopapain, and bromelin. 

22. (Withdrawn) The method of claim 1, wherein the proteolytic enzyme comprises a keratinase 
enzyme. 

23. (Withdrawn) The method of claim 1, wherein the proteolytic enzyme comprises an active 
fragment of a keratinase enzyme. 

24. (Withdrawn) The method of claim 1, wherein the proteolytic enzyme comprises a Bacillus 
licheniformis PWD-1 enzyme or an active fragment thereof. 
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25. (Withdrawn) The method of claim 1, wherein the proteolytic enzyme comprises a protease 
enzyme. 

26. (Withdrawn) The method of claim 25, wherein the protease enzyme comprises a carbonyl 
hydrolase. 

27. (Withdrawn) The method of claim 26, wherein the carbonyl hydrolase comprises subtilisin. 

28. (Withdrawn) The method of claim 27, wherein the subtilisin comprises a mutant of wild-type 
Bacillus amyloliquefaciens subtilisin, comprising one or more amino acid substitutions, 
additions, or deletions. 

29. (Withdrawn) The method of claim 25, wherein the protease enzyme comprises at least one 
enzyme selected from the group consisting of: papain, pancreatin, trypsin, chymotrypsin, pepsin, 
streptokinase, streptodomase, ficin, carboxypeptidase, aminopeptidase, chymopapain, bromelin, 
and subtilisin. 

30. (Withdrawn) A method of removing infective prion protein from a surgical instrument 
contaminated with same, the method including (a) heating the surgical instrument at a 
temperature in a range of from about 100°C to about 150°C, followed by (b) exposing the heated 
surgical instrument to a proteolytic enzyme at a temperature in a range of from about 35^C to 
about 100°C at which the proteolytic enzyme is thermally stable and proteolytically effective to 
at least partially destroy the infective prion protein contaminating said surgical instrument. 

31. (Withdrawn) The method of claim 30, wherein said heating is conducted for a time of from about 
5 minutes to about 5 hours. 

32. (Withdrawn) The method of claim 30, wherein the proteolytic enzyme comprises at least one 
enzyme selected from the group consisting of keratinase enzymes, proteinase K, trypsins, 
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chymotrypsins, pepsins, chymosins, cathepsins, subtilisins, elastases, coUagenases, 
endopeptidases, peptidases, oligopeptidease, thermolysins, bacillolysin, mycilysins, 
carboxypeptidases, leucyl aminopeptidases, aminopeptidases, extremthermophilic proteases, 
carbonyl hydrolase, papain, pancreatin, streptokinase, streptodomase, ficin, carboxypeptidase, 
chymopapain, and bromelin. 

33. (Withdrawn) The method of claim 30, wherein the proteolytic enzyme comprises Bacillus 
licheniformis PWD-1 keratinase. 

34. (Withdrawn) The method of claim 1, wherein the proteolytic enzyme comprises a protease 
enzyme. 

35. (Withdrawn) The method of claim 34, wherein the protease enzyme comprises a carbonyl 
hydrolase. 

36. (Withdrawn) The method of claim 35, wherein the carbonyl hydrolase comprises subtilisin. 

37. (Withdrawn) The method of claim 36 , wherein the subtilisin comprises a mutant of wild-type 
Bacillus amyloliquefaciens subtilisin, comprising one or more amino acid substitutions, 
additions, or deletions. 

38. (Withdrawn) The method of claim 34, wherein the protease enzyme comprises at least one 
enzyme selected from the group consisting of: papain, pancreatin, trypsin, chymotrypsin, pepsin, 
streptokinase, streptodomase, ficin, carboxypeptidase, aminopeptidase, chymopapain, bromelin, 
and subtilisin. 

39. (Previously presented) A system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein; 
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(b) means for heating said articles; 

(c) a proteolytic enzyme selected from the group consisting of keratinases and subtilisins; and 

(d) means for exposing said articles to said proteolytic enzyme, 

wherein said one or more articles are characterized by a first elevated temperature of at least 
40''C and not more than about ISO^C during a first duration, wherein said articles are 
characterized by a second elevated tenq)erature in a range of from about SO^'C to about 65°C and 
exposure to said proteolytic enzyme during a second, subsequent duration. 

40. (Previously presented) The system of claim 39, wherein the proteolytic enzyme comprises 
keratinase. 

41. (Previously presented) The system of claim 40, wherein the keratinase is provided in a solution at 
a concentration within a range of from about 0.2 g/L to about 1.0 g/L. 

42. (Previously presented) The system of claim 41, wherein the solution comprises a solvent selected 
from the group consisting of distilled water, alcohol, buffer solution, and detergent solution. 

43. (Previously presented) The system of claim 42, wherein said solution further comprises one or 
more chemical additives selected from the group consisting of surfactants, builders, boosters, and 
fillers. 

44. (Previously presented) The system of claim 39, wherein said articles comprise surgical 
instruments. 

45. (Previously presented) The system of claim 44, wherein said surgical instrument(s) are selected 
from the group consisting of: clamps, forceps, scissors, knives, cables, punches, tweezers, 
cannulae, calipers, carvers, curettes, scalers, dilators, clip applicators, retractors, contractors, 
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excavators, needle holders, suction tubes, trocars, coagulation electrodes, 
electroencephalographic depth electrodes, rib and sternum spreaders, bipolar probes, and rib 
shears. 

46. (Previously presented) The system of claim 39, wherein said articles comprise cutleries and 
kitchen utensils. 

47. (Previously presented) The system of claim 46, wherein said cutleries and kitchen utensils are 
selected from the group consisting of: knives, forks, scissors, peelers, parers, slicers, spatulas, 
and cleavers. 

48. (Previously presented) The system of claim 47, wherein said laboratory apparatuses are selected 
from the group consisting of: containers, filtration devices, centrifuges, spectrophotometers, and 
fluorometers. 

49. (Previously presented) The system of claim 39, wherein said article(s) comprise veterinary 
devices. 

50. (Previously presented) The system of claim 49, wherein said veterinary devices are selected from 
the group consisting of clamps, forceps, knives, saws, probes, and electronic stun equipment. 

51. (Previously presented) The system of claim 39, wherein said first elevated temperature is higher 
than said second elevated temperature. 

52. (Cancelled). 

53. (Previously presented) The system of claim 39, wherein said first elevated temperature is at least 
about 60°C. 

54. (Previously presented) The system of claim 39, wherein said first elevated temperature is in a 
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range of from about lOO^^C to about ISO^'C. 

55. (Previously presented) The system of claim 39, wherein said first elevated temperature is at least 
about 75°C. 

56. (Previously presented) A system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein; 

(b) means for heating said one or more articles; 

(c) a proteolytic enzyme selected from the group consisting of keratinases and subtilisins; and 

(d) means for exposing said articles to said proteolytic enzyme; 

wherein said one or more articles are characterized by an elevated temperature of from about 
40°C to about 60°C and exposure to said proteolytic enzyme. 

57-61. (Cancelled). 

63. (Previously presented) The system of claim 39, wherein the proteolytic enzyme comprises a 
keratinase enzyme. 

64-67. (Cancelled). 

68. (Withdrawn) The system of claim 39, wherein the proteolytic enzyme comprises subtilisin. 

69. (Withdrawn) The system of claim 68, wherein the subtilisin comprises a mutant of wild-type 
Bacillus amyloliquefaciens subtilisin, comprising one or more amino acid substitutions, 
additions, or deletions. 

70. (Cancelled). 
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71. (Previously presented) A system comprising (a) a surgical instrument contaminated with 
infective prior protein; (b) means for heating the surgical instrument; (c) a proteolytic enzyme 
that is thermally stable at a temperature in a range of from about 35**C to about 100^'C and 
proteolytically effective to at least partially destroy the infective prion protein contaminating said 
surgical instrument, and (d) means for exposing the surgical instrument to the proteolytic 
enzyme, wherein said surgical instrument is characterized by a first elevated temperature in a 
range of from about 100°C to about 150°C during a first duration, and wherein said surgical 
instrument is characterized by a second elevated temperature in a range of from about 35°C to 
about 100°C and exposure to said proteolytic enzyme during a second, subsequent duration. 

72. (Cancelled). 

73. (Previously presented) The system of claim 71, wherein the proteolytic enzyme comprises at 
least one enzyme selected from the group consisting of keratinase enzymes, proteinase K, 
trypsins, chymotrypsins, pepsins, chymosins, cathepsins, subtilisins, elastases, coUagenases, 
endopeptidases, peptidases, oligopeptidease, thermolysins, bacillolysin, mycilysins, 
carboxypeptidases, leucyl aminopeptidases, aminopeptidases, extremthermophilic proteases, 
carbonyl hydrolase, papain, pancreatin, streptokinase, streptodomase, ficin, carboxypeptidase, 
chymopapain, and bromelin. 

74. (Previously presented) The system of claim 71, wherein the proteolytic enzyme comprises 
Bacillus licheniformis PWD-1 keratinase. 

75. (Withdrawn) The system of claim 71, wherein the proteolytic enzyme comprises a protease 
enzyme. 

76. (Withdrawn) The system of claim 75, wherein the protease enzyme comprises a carbonyl 
hydrolase. 
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77. (Withdravm) The system of claim 76, wherein the carbonyl hydrolase comprises subtilisin. 

78. (Withdrawn) The system of claim 77, wherein the subtilisin comprises a mutant of wild-type 
Bacillus amyloliquefaciens subtilisin, comprising one or more amino acid substitutions, 
additions, or deletions. 

79. (Withdrawn) The system of claim 75, wherein the protease enzyme comprises at least one 
enzyme selected from the group consisting of: papain, pancreatin, trypsin, chymotrypsin, pepsin, 
streptokinase, streptodoraase, ficin, carboxypeptidase, aminopeptidase, chymopapain, bromelin, 
and subtilisin. 

80. (Previously presented) A system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein; 

(b) means for heating said articles; 

(c) Bacillus licheniformis PWD-1 keratinase; and 

(d) means for exposing the heated articles to the Bacillus licheniformis PWD-1 keratinase, 

wherein said articles are characterized by a first elevated temperature of at least 40°C and not 
more than about 1S0°C during a first duration, and wherein said articles are characterized by a 
second elevated temperature in a range of from about SO'^C to about 65°C and exposure to the 
Bacillus licheniformis PWD-1 keratinase during a second, subsequent duration. 

81. (Cancelled). 

82. (Previously presented) A system comprising: 

(a) one or more articles susceptible to contamination by infectious prion protein; 
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(b) means for heating said articles; 

(c) Bacillus licheniformis PWD-1 keratinase; and 

(d) means for exposing the articles to Bacillus licheniformis PWD-1 keratinase, 

wherein said articles are characterized by an elevated temperature of from about 40°C to about 
60**C and exposure to the Bacillus licheniformis PWD-1 keratinase. 

(Cancelled). 
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